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FOREWORD . 


For the last two years or so, Professor N.Vaidya 
is -working on an ERICC NCERT ) project titled THE 
DET EEMINA1I0N AND DMELOPMENT OF SCHEMES OF THOUGHT 
IN SCIENCE DURING ADOLESCENCE. This project attempts 
to link the significant concepts of science to the 
intellectual growth of children in the Piagetian frame. 
Being a longitudinal study, the work on this project 
is still in progress. 

In an endeavour to clarify the problem, Prof. 

Vaidya has consolidated literature in this area under 

the titles The Snerging Psychological Frame of 

Reference For Our School Science Education. During 

the last several $-ears,‘ the Ministry of Education, 

NCERT, State Institutes of Science Education and 

a 

other voluntary agencies have been trying to revamp 
science education in our country, yet theoretical 
literature in this area is not available in adequate 
quantities which deals with concept formation, problem 
solving, logical thinking and acceleration of thought 
etc. Keeping in mind limitations of the provincial 
town like AJMER (Rajasthan), it is ouite possible 
that a few significant studies whether Indian or 
Foreign may have been missed. Also, thpre may be 
a gap in the presentation of ideas. Prof. Vaidya 
is aware of these limitations. 
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Beinf a document for restricted circulation, I am 
pleased to send it to you for your critical comments 
as well as advice for the benefit of Prof. V a idu a ,. Your 
comments and advice will go a long way in improving 
this document. I am further pleased to inform yow 
that before this document is out, prof. Vaidyp has 
already started working on the Second version of this 
document. The reason for this is that Prof. V a idya 
has been able to procure very recently some 
additional studies in this area which could not he 
included in this. 

I 

Prof. V a idya needs critical, incisive yet considere' 
comments from you on this first effort. Against the 
light of your valuable advice, he will he further 
available to improve the Quality of his first version of 
the draft. Precisely for this reason, I am plpased to 
send a copy of this document to you. I am sure you 
will find going through this document a rewarding 
experience* 


PROP. R. P. SI NOR 
'PRINCIPAL 





. Delimitation of Scope. 

Human thinking is as vast and deep as sea. It has 
given us our present day scientific and literary cultures 
aspect whose roots can be traced to the distant past, not a 
difficult task. But more difficult, intriguing and mysterious 
has been thevv'Cjryiinrefeijtpfetfcon of the phenomenon of human 
thinking for in its entire history, It is only in this 
century that the experimental science 1 began to intprest 
itself in thought 1 (l) . David Rapport aptly remarks; 

The knowledge that thinking has conouered for 
humanity is vast, yet our knowledge of thinking 
is scant. It might seem that thinking eludes 
its own eye. But this may be an illusion, and 
the eye is perhaps not searching but only staring... 
Whatever its nature, thinking comes to the point 
of invention, discovery and creation only in some 
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human things ,it serves most of us merely to the 
point of at least understanding whet the few have 
created. And yet the dream stuff out of which 
world— changing thought is made is present in all 
of us, in the sentence— fragments of the hrain 
injured, in the delusions of the schizopherenic and 
in the habhling of the child. This is its enigmaC?). 

He further reminds the readers of his childhood 
experiences at school when he either hesitated or failed 
to anticipate steps done for him by the teacher. Why 9 
He further adds* 

Disappointed and puzzled, I ask myself why I cannot 
foretell the step, when it is so self-evident after 
I see it done, I must have asked this auction 
countless times before, when impressed and hurt in 
pride by adult omniscience. p ut I have asked it 
continuously ever since: the attendant shame and 
bitterness may have faded, the curiosity and puzzle¬ 
ment have not(2). 

The above statement adds to the difficulties of 
any reviewer while surveying theoretical stand points 
as well as specific researches on human thinking even 
with special reference to science education at thp school 
level. Prima facie, there are four ways to delimit the 
range and scope of this contemplated survey: hy historical 
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survey, by subject matter, that is, by drawing scientific 
concepts from different branches of scientific knowledge 
by purpose; and method with little reference to 
scientific attitudes and personality variables. its 
best, these four categories are not independent of 
each other; and hence can be regarded as dependent 
dimensions which need to bn fused with a view to 
see the entire spectrum of human thought through a 
single crystal ball, ciuite an impossible task.' by 
narrowing down, it may become feasible to attempt this 
survey; and conseouently, all studies relating to 
animal thinking, human thinking (autistic-associative, 
creative and critical); relationship between language 
and thinking, concept formation including concept 
attainment as well as involving any predictive 
relationship, abstraction, generalization, memory, 
imagination, attention, believing, judging, comparative 
effectiveness of teaching methods or technioues, transfer 
of training or learning tasks, perception and rival 
theories of learning have been excluded straight away 
from this preview. The reason for this is simple 
because the present study deals with cognitive process¬ 
es of thought from the developmental point of vIpw, 

It is not only that the research literature is vast 
but also the 1 basic problem of cognition is to 
describe the growth of concepts and to detail the 
processes of thought by which these concepts are 
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acquired and put to use" (3). Exception, however, has only 
been made where the reference is pertinent, relevant or 
incidental hewing some direct bearing on the problem. 
Lastly, on examining the relevant literature on thinking, 
one finds that it has been investigated from several 
view pointss S.R.Theories; Gestalt Psychology; Phenomen¬ 
ological Theory; The Geneva School; Factor analysis; 
Acceleration of mental development, and Information 
Processing* If the philosophical, psychological and 
epistemological rootingS of Gestalt as well as Geneva 
school are ignored, the present study makes use of three 
basic mentions underlying these two psychologies in 
the formulation of problems used in this study for 
investigating adolescent thinking, thpse three basic 
notions being; insight, productive thought and stage 
concept. In summary, the basic structure for a survey 
of this type is suggested below under the following 
heads: 

Section A 

1. Nature and Definitions of Thinking. 

2. Problems Posed in the Field. 

3. Concluding Statement. 

Section F. 

4. Theoretical stand-points 

(i) Introduction 

Cii) S.R.Theories 

contd..5.. 
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(111) 

H. Gagne's view-point 

(iv) 

Phenomenological Theory 

(v) 

Factor Analytic view 

(vi) 

Information Processing 

(vii) 

Gestalt school 

(viii) 

Geneva School 

(lx) 

Accelerated Learning 

(X) 

Concluding Statement. 


Sect&roi C. 

5.(i) Researches on Science Teaching 
(ii) Overall Evaluation. 


. . 6 ... 
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1, Nature and Definitions of Thinking: 


Since? the times of Aristotle? philosophers 
and logicians have not only investigated thinking in 
terms of its product but also have developed their own 
laws of thought. Examples are*, Laws of identity, 
Contradiction*, and Excluded Middle, it the turn of 
the century? psychologists placed lot of faith in 
faculty psychology which regarded mind as made up 
of several individual abilities? each amendable to 
training in isolation. Initial success with it 
resulted in the theory of formal discipline? a major 
educational achievement which was exploded later on. 
The pure psychologists both European and American? 
investigated thinking from their Varied stand points 
with little attention paid to problems of classroom 
instruction. The educational psychologists? 
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psychologists, on the other hand, examined thinking 
through the medium of problem solving hut the actual 
process of thinking eluded their attention(4). For 
example, C.B>Spearman regarded the following three 
principles of s’ignificrneo* " apprehension of experience, 
education of relations find education of correlates" 
quite sufficient for explaining the entire spectrum 
of intellectual hehaviour(5), On surveying the relevant 
literature, it appears that the following aspects of 
thinking have received 1 attention over the years, that is, 
the term thinking has been referred or applied toi 
" abstracting, analysing, comparing, conceiving,deducing, 
defining, estimating, generalizing, guessing, imagining, 
judging, knowing, opining, reasoning, recalling,recogni¬ 
zing, reflecting, remembering, searching for conclusinns 
and understanding, " a sort of general meaning. In 
its restricted use, the same term has been applied 
to 1 determined eourse of ideas, feeling, formulation 
and assertjon of propositions, percepts and vocal 
found" (6) Symmond has listed nineteen types of thinking 
such as learning, me.-ning, stating relationships, defining 
etc. (7). Humphrey has eauated it with problem solving(8). 
Burt and his students, have regarded it a 'hierarchy of 
thinking abilities comprising of relation, association, 
perception and sensation" etc.(9).Gestalt psychologists 
have emphasized its perceptual and problem solving 
aspects ClO), Bartlett has regarded it as high level 
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skill in which T symbols, words, numbers, shapes, odours, 
tones, supplement and may take the place of bodily 
movsnents M (lO). B.A. Peel has distinguished among four 
Kinds of thinking* Thematic, Explanatory, Productive and 
Integrative and adds that 1 free association, remembering, 
reverie, faciful association, punning, solving cross 
word clues" are other aspects of human thought, which 
have not been classified in any one of the above mentioned 
categories (ll)» D.H.Russell has suggested his own 
scheme starting with stimulus patterns (internal or 
external) through materials of thinkinpC perceptions, 
images, memories and concepts), processes in thinking 
(perceptual thinking, associative thinking, problem 
solving and creative thinking) to products of conclusions 
implying thereby that abilities in thinking, technioups, 
habits and devices are amenable to learninp(l2). In 
the Encyclopedia of Educational Research, Wilhelm 
Reitz, while surveying the area of thinking, has 
hypothesized that whereas the materials of thinking 
are numerous, the number of processes appear to be 
few; and here, x research data being incomplete and 
scattered' (13). From the above it is clear that it is 
pretty difficult to define thinking and even when 
defined, its explanatory concepts themselves become 
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suspect and consequently reaulre further explanations,. 

The whole position on thinking is well summarized in tho 
words of Hearnshaw in Recent Studies in the Psychology 
of Thinkings 

Thinking- highly organized and balanced activity 
dependent upon the coordination of a large number 
of subordinate activities under favourable 
conditions ia inseparably linked with the 
personality traits of Its thinker. This complex 
activity is difficult to investigate if it remains 
ghost like but, on the other h^nd, If it is regarded 
as a skill (or a group of skills)which is 
organization, " a viewpoint qu.i to in conformity 
with Piaget's genetic bindings, with the evidence 
pointing to the motor accompaniments of thought 
and the results of perceptual studies emphasizing 
the dynamic nature of perception and the acauired 
character of all but the simplest perceptual 
structures'; then it is possible to investigate 
thinking by trying to bear upon the psychology 
of thinking all that the psychologist has learned 
about learning keeping in mind that skills are 
essentially activities and skills are learneo 
and their basic feature i :■ organization(l3)* 
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The central auestion on thinking has been very 
excellently put by Hearnshaw for it is possible to 
study both the processes cf generalization and discrimination 
experimentally* a step ahead of ' deu ex machine r in the 
form of insight propounded by Gestalt psychologists(l4). 

It will be irreverent if John Dewey's contribution 
in narrowing down the concept of thinking as problem 
solving is not acknowledged by which he avoided the 
‘pitfalls of both traditional empiricism and a priori 
rationalism' (l5). He, thus, brought out Hyle's ghost 
in the machine for empirical examination tied to 
purpose and consequently subject to reflection. Fe 
regarded thinking as a function of an'obstacle in the 
way of goal directed activityC 14), To quote Dewey: 

Sensory qualities experienced through vision have 
their cognitive status and office, not (as sensational 
empiricism holds) in and out of themselves in 
isolation, or as merely forced upon attention, 
but because they are the conseauences of definite 
and intentionally performed operations. Only in 
connection with the intent, or idea, of these 
operations do they amount to anythinr, either as 
disclosing any fact or giving test and proof of 
any theory. The rationalist school was right in so 
far as it insisted that sensory Qualities are 

Contd...10.. 
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significant for knotfJ edge only when connected "by means 
cf ideas. But they -were wrong in locating the connecting 
ideas in intellect ^part from experience* Connection 
is instituted through operations which define idea 
and operations are as much matters of experience aS 
are sensory qualities! 15). 

He thus stripped Thinking of its philosophical 
aspects AS outlined by Descartes, John Locke an^ 1 .S.Mil] 
and gave it a form of physical process of natural 
sciences manifested in man while coping v/itb his 
environment! 14). On the of introspection, he 

suggested five steps in thinking which can ouite 
adequately explain most of our thinking. This lead "by 

i 

Dewey has been further followed, by’many practical workers 
in the fiel^, a few to mention are- Burt(i92R); Johnson 
(1944)5 Polya! 1945) 5 Humphrey! 1948),; Bloom! 1950) ; 

Burrack !l95(|: Hoffman and his Co-workers!1951); v inacke 
!1952) 5 J,Stanley Gray !1956 )5 Mill and Dean!I960 )5 
Oad and Vaidya (1975). It should not be lost sight of 
that these steps have been hyrotheaazed for the sake 
r 'f convenience! 17 ). One &iftuf£nd- | -^ny number of stages 
in thinking depending upon the nature of problem to 
be investigated (l7). For illustration, let us consider 
the steps as suggested hy Dewey, Humphrey and Mills & 
Dean. 
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Dewey C1910) * 

( a ) A. felt difficulty 

(b) Its location and definition 

Cc) Suggestion of possible solution 

(d) Development of reasoning of tbo hearinp of suggestions * 
( e)Further observation an^ experiment leading to its 
acceptance of re3ection(i5). 

Humphrey! 1948). 

Directed thinking involvess 

(a) 4 Problem Situation* 

(b) Motivation factors 

(c) Trial & error 

(d) Use of association & images 

(e) A flash of insight. 

(f) Some application in action(l). 

Mills & Dean(l96o)„ 

(a) 4 difficulty is recognized. 

(b) The problem is clarified and defined. 

(c) 4 search for a clue is made 

(d) Various suggestions are made and are evaluated 
and tried out. 

(e) Uhereas practice in the definition of problem 
involves problem survey , problem description, 
problem discussion, problem limitation, 
planning for action and further analysis 

and limitation! 16 ). 
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Oa! & Vaidya (1975). 


( a ) The appearance, disappearance an! appearance of 
the problematic situation, 

(b) Vague understanding ana clarification of the 
problematic situation. 

(c) Blunt Formulation of thp problem. 


(!) Trial an! error attacks 


(e) Proposing hypotheses. 

(f) Screening hypotheses an! selecting testaMa 
hypotheses. 

(g) Testing hypotheses thrnuph control experiments. 


(h) Obtaining 


relevant hypotheses. 

t 

t 


Mathenlati zing 
Insight into the 
nature of proof 
Determining limit¬ 
ing situations 


.Final Formulation of the 
problem an^ its solution. 


V eri fication 
Exploring further 
varie! experimental 
materials exploring 
further varie! methods 
of attack. 

i 


Application 

Repetition of the cycle in the face of 
unknown difficulties(l3 ) 


It may be mentione! that these steps like logically 
obtained educational principles not only !n not clarify 
any psychological principles but also !o not follow 
each other in a fixe! seauence. They are, in fact, 
'simplified, idealize! versions of what may take place 
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in problem solving* or reflective thinking. They are 
more in the nature of heuristic methods rather than 
logical proofs. They only help us to see the problem 
& bit more transparently in all its varied aspects. 

Karl Duncker through his studies on Problem Solving, 
gave these steps the more generalized name of Search 
Model which may be little different from Strategy 
(Goodnow, Austin & Bruner) and Key factor as propounded 
by Guilford, Merriefield, Christensen and Frick 
in ‘ determining efficiency of creative thinking*(18) 

Lastly ,with special reference to school subjects. Peel 
distinguished among four kinds of thinking, namely, 

Thematic ( free from any practical reauirement); 
Explanatory, Productive and Integrative(ll). Productive 
Thinking comes very close to Thinking when it is equated 
with problem solving. It is said to have taken placemen 
the attack on a problem is taken beyond the stage of 
explanation and used to modify the situation so that 
the original problem is removed 1 (6 ,ll) . In opp form 
or another, it enters into every school subject. Its chief 
distinguishing features, according to Peel, are* 

(a) It contains an element of forward thinking. 

(b) It becomes effective by changing the problem 
situations materially in order to achieve 
solutions. 
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(c) Some new problems may "be solved by restating them 
in the light of established knowledge. 

(d) These situations may he material,social nr personal 

Cll). 

From the above account, it is safe to conclude that 
it is not possible to define thinking operationally even 
in the highly restricted sense hut it is still possible 
to guess what it is not in that context. In other words, 
it is a task oriented situation, which stimulatas thinking 
right from the moment the task is presented to the subject 
until the moment it is finally solved hy him. The problem 
is not that simple as the following section on,'Problems 
Tosed in the Field ' will show. 

Problems posed in the Field* 

It is necessary to go ahead on the journey of 
investigating thinking itself for the venture may 
pay off in the long run. Where to start? an* which 
mad to take? are the basic problems to he tackle* 
first before taking the first step on this journey 
v/hose end is unknown. George Humphrey in Fifty 
Years Experiment on Thinking remarked that the entire 
past adventure on thinking has not been at all fruit¬ 
less for we now know, at least, the kind of road we 
have yet to travel(l). 
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thinking in relation to thr past history of the 
individual. Or' what makes people attack prohlpms 1 , 
according to Cohen, will contribute to our under¬ 
standing of problem solving(l9). 4ccnrdinp to Johnson, 
an adequate understanding of problem solving reciuires' 
knowledge of the development of even higher organization 
(as compared to concept formation) of data such as 
the concept of self, points of view, frames of reference, 
and more complex patterns of inter-relationship 
illustrated by the family pattern, the syllogism and 
the pattern of industrial experience 1 (6). ForFfnacke, the 
whole area awaits invasion through case study approach 
with a view to collect as well as to interrelate as many 
aspects of performance as possible in as many situations 
as practicableC6), Similarly, Carl F.Duncan, D.VhePler, 
L.A.Peel, R.H.Bnnis, M.V.Travers and F-C.^ptson have 
emphasized the importance of investigating thinking 
(problem solving) in relation to some outside variables 
like intelligence, personality variables, sneio-economic 
status, motivation, ego involvempnt and set, a 
few out of the many to mention(20). 41ong with these 
variables,it is also necessary to study genpralization 
of formal reasoning of thinking in Cestaltean as well 
as Piagetian Contexts. Secondly, very little is 
known about the overall psychological structurp of any 
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school subject. Thirdly, these individual studies are 
required to be carried out in as many different subjects 
as well ns situations as possible. Fourthly, tbe 
stage concept as propounded by Piaget alse needs to be 
investigated at depth along -with the emergence of 
various mental operations at various age levels. 

Lastly, there are several difficulties, which need to 
be tackled or mastered before we can understand 
clearly the- nature of thinkings problem solvinp, concept 
developnrnt and attainment. Here, thr main difficulty 
lies in our failure to understand the seouence of 
reasoning from the very early childhood to late 
adolescence, not only within each age-group but also 
across the various age-groups over a very wide I.P, 
range. It is of interest to point out that even tbe 
restricted behaviour like problem-solving, accor^inp 
to 4. Dietz Maureen and George D.Kenneth, has been 
investigated under various definitions( 21). Tho field 
of human thinking as a whole poses certain fundamental 
problems which are yet to be investigated even 
partially before we can fully understand tbe basic 
assumption underlying human thought proces^esC20). 

It is very likely that answers to these questions will 
have an import eciual to the concept of Periodic Table 
in Chemistry or the concept of PuanLp in Atomic Physics 
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for the whole field of psychology as well. Let us now stpte 
below b few problems posed in cognitive psychology and the 
psychological structures of science by the various workers-. 

( a ) Piaget is a mine of ideas on cognitive thinking, 
necessitpting -vast experimental educational research.Fe 
goes far beyond on the nature of intelligence, what A.Finet 
characterized wittily -a’lt is what my tests measure r ( 23). 

In addition to the role of experience, it is necessary 
to have information on the extent of adult's influence 
on children as well as their mutual influence on each 
other. Not long ago, J.S.Bruner said that, in principle, 
any thing can be taught to any body in somp honpst form. 

This principle further needs to be examined empirically 
for Does it Imply Elimination of Seouonces 9 To emote 
the large p’to^lem which first needs to be understood 
development ally rather than psychometrically in the 
words of Jean l’iaget in the Growth of Logical Thinking 
and Main trends of Research in the Social <?- Human Scj oners 
(Part I): 

(i) It is surprising that inspite of th» large 
number of excellent works which have bean published 
on the effective and social life of the adolescpnt- 
we hardly need rami-*' 1 *bo rp n der of the studies of 
Stanley Hall, Compayre, Mendousse, Spranrer,Charlotte 
Ruhler, Landis, Wayne Dennis, brooks, blaming,or 
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Debesse, or those by psychoanalysts such as 'Inna 
Freud and Helene Deutsch, and by sociologists and 
anthropologists such as Maulinowski and Margaret 
Mead, not to mention others-so little work has 
appeared on the adolescent's thinkinp(22 ). 

(ii) ^s to the theory of into!liponce,all these 
observations seem to lead to a number of conclusions 
that it is difficult to ipnore. The first is that 
the intelligence is much richer than the aspects 
of which the subject becomes aware, for ho is consci 
ous only of the external findings of his 
intelligence, except, when through a systematic 
an^ retroactive reflexive process, logic and 
mathematics formalize, but generally without 
concerning themselves with their sources, 
structures whose natural roots are already in 
the intelligence in action. 'Is tn the average 
subject, ha is aware of this intelligence 
only from its performance, far the nporative 
structures elude him, as more over nearly all 
the meehanisms affecting his behaviour and 
even more so his organism. It is,therefore, 
for the observer to find out whether the 
structures do exist and to analyse them, but 
the subject is unaware of them as structures 
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discern only the operations used hy him( an* even then not 
a ll of them, for he constantly resorts to' associativity* 
ani iistrih itivity* -without re^Ii zinp it, and the same is 
often the case with commutativity).... 

toe had to wait for psychogentics and the 
discovery of the various preoperative and operative stapes 
through which the chili and the adolescent go before the 
specificity of intellectual structures could he 
established. However, this structuralism is only one 
of the two services rendered by osychopentics. The 
other relates to constructivism and is not less 
essential. The operative structures of the intelligence 
are not innate, hut slowly develop ]ahoriously 
Hurinp the first fifteen years of life in the most 
favoured societies. If they are not already formpd 
in the nervous system, neither are they in the -physical 
world, where thc-y would only have to he discovered. 

They therefore^ testify to a real construction, 
proceeding hy stages, at each of which the ■results 
obtained at the preceding stage must first he reconstructed 
before the process can he broadened and construction 
resumed. The nerve structures serve as a medium for 
the sensorimotor intelligence, hut the latter builds 
a series of new structures C prrmanent object, group 
of transfers, patterns of the practical intelligence, 
and so on); the thought processes are based on 
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sensori-motor actionj from which they are derived, hut 
they reconstruct into representations and concepts what 
was acouired in practice* before hit>oa*ening considerably 
the- range of initial structures; reflexive and abstract 
thought restructures initial mental operations hy rlacinp 
the concrete into the sphere of hypothesis and 
propositional or formal deduction. In the creative adult, 
this movement of constant construction continues 

. < . j., as shown, among d&tber things, hy the forms 

of technological and scientific thoupbt(23). 

(b) Kenneth Lovell, while carrying nut several studies 
on developmental processes in thought amonr children varying 
widely in age, intelligence an* culture, has suggested 
several problems which cry for solution for their solutions 
are n f direct relevance to development of effect.'ve curric¬ 
ular programmes. Somn of these problems are: 

1. Uhat is the role of expariencp(physical and 
mathematical) In intellectual development of 
children 1 ? How is it to he handled? 

2. Like Head Start Schpnls in U.S.'W, what is the 
long term influence nr impact of early stimulation 
of the culturally deprived and nf certain 

types of school ^u^b^le retarded children*? 

3. What is the effect of variable? like emotional 
life( fantasy), teaching and learning technioues 
based upon Piaget’s work, culture and subculture 
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patterns an a the restricted functioning of any 
schema within a given area of knowledge at one 
time on cognitive growth? 

Lastly, he a$ds that lot of information is needed 
'regarding the growth of more advanced concepts in mathemati¬ 
cs and science, e.g., function and entropy'(24). 

(c) Michael i.Wallach, while reviewing research on 
Children's Thinking, regards the contribution of the Geneva 
School ouite mam urn ental ‘ Lwith a close blending of empirical 
description with theoretical speculation* 1 He rpfers to the 
study of i.R.Hofstaetter on The Changing Composition 
of Intelligence in which he has shown structural changes 
taking place, using a highly mathematical tochnioup cal] nd 
factor analysis. He then adds* 

... It is apparent, therpforp, that the point of 
boundary between Thinking and learning is, to at 
least some extent, arbitrary. Several other 
research directions may he mentioned, all concerning 
aspects of thinking which have yet to he extpnsivply 
examined from a developmental point of view. 

These include fantasy and curiosity in cognitive 
activities, the related topic of originality, 
inventiveness, or creativity inn thinking; and 
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variation in aspects of thinking as relate to 
factors of personality an^ motivation, to 

parental attitudes, and sex of the child. 

rerhaps the most striking general conclusion 
to be drawn from the developmental information 
we have reviewed in this chapter is that the human's 
basic categories analysing physical rarity are 
a product of slow and laborious constructing Pd). 

(rO E.'WLunzer while disposing of tyrant's criticism 
of Viaget in the Tiaget Controversy makes a few specific 
points reouirinp our urpent attention for investipatfnp 
thinking. First, it is necessary to seek information about 
the extent to which specific pains obtained in specific 
settings can be generalized to wider settings. Secondly, 
just for the sake of novelty, one type of drill, say, 
number, should not be replacedhy, say, drill in conservation 
of numbers. Thirdly, rules of thumb procedures, of course, 
necessary do not solve our entire educational problems 
for life presents quite different problems. Fourthly, 
the theoretical and practical educational implications' 
of I'iapet’s work on thinking and learning are narrow and 
limited for they do not fully solve problems faced hv 
educational psychologists and the practising classroom 
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teachers. It is of inter ..t to point out that only a 
small amount of variance in scholastic performance is 
accounted for while considering the three levels of 
operativity as envisaged hy riaget. Fifthly, it is 
necessary to investigate the relationship between thinking 
and operativity, range of response at the given level of 
operativity; and the distinction between levels of tasks 
and levels of children's thinking as argued by J.B,Bruner, 
It is quite possible that a simple logical experiment like 
the one used by katson may fail to evoke formal behaviour 
from the graduates. He then adds? 

Tiaget draws attention to an important difference 
between associative learningC learning facts and 
certain skills) and the learning which leads to a 
restruct arization. Or, as wp might say, a 
reprogramming of approach strategies in relation 
to complex tasks. But to recognize that there is 
a difference is not enough. Uhat are the 
relations between intelligence, learning ability 

and the development of logical thought’. 

At the very least, a knowledge of thr changing 
patterns of inter-correlations among a wide 
variety of tasks( learning, problem solution, 
memory, attention, language, etc.)should offer 
some leads. 
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In the end of course, statistical correlations 
are not enough. What is reauired is an overall 
model, supported hy experiment,within which what 
we call learning, intelligence and thinking will 
he redefined. More than one break through is 
needed to achieve this. When it is achieved, 

Piaget will have been superseded. *ut not in the 
sense that Ms findings will have been shown to 
he supurious. Only that the perspective,broad 
through it is, is still too narrow and too 

imprecise(26). 

(e) It is pertinent to consider thp logical structure 
of any school subject. Specifically speaking, in case of 
science? scientific knowledge is exploding at an 
accelerated rate in each decade towards the closing 
half of the twentieth century. This, in itself,is 
creating lot of problems for curriculum maker at all 
levels of education. Perforce of circumstances,he is 
compelled to search for the most powerful concepts(still 
evolving) which build up thp picture of,say,physics, 
in our times. This guided the very rationale of P.S.S. C, 
in terms of providing powerful concepts capable of 
transfer in wider contexts with a view to present a 
complete picture of physics. G.C.Finlay has aptly remarked: 
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i 

The 'Sfsrmittee has chosen to select subject matter 
and organize it -with the intent of providing as 
broad and powerful a base as possible for further 
learning- further learning both in and beyond 
the classroom. Through its materials,the Committee 
seeks to convey those aspects of science which 
have the deepest meaning, the widest applicabi¬ 
lity. 

The explanatory systems of physics and how they 
are made have much more forward thrust as 
educational tools than the individual application 
and the discrete, unconnected explanation.Thus 
the FSSC 1 has chosen for its subject matter 
the big over arching ideas of physics-those that 
contribute most to the contemporary physicists' 
views of the nature of the physical world... 

The power of the big ideas is in their wi&d 
applicability, and in the unity thpy bring 
to an understanding of what may appear 
superficially to be unrelated phenomena.. 
Pedagogically this choice has virtues... 

Principal among them is the acauisition of criteria 
by which subject matter can be selected and 

OT (Jnni 4-Vi^ o —V, „ --J.l_ _ -- - ■* * ■*- - " "* 




Math a ties i«s also undergoing the same development 
At this point, Dav^d P.Ausubel intervenes by suggesting 
the use of Advance Organizers for enhancing learning by 
taking the maximum advantage of th? Big Ideas of Science 
in the form of 'subsidiary facts' concepts and generalizat 
ions subsumed under them 1 (28). It is implied that the 
'Organizers make use of establisned knowledge Lo increase 
the familiarity and learn-abiliuy of new material,and 
also take into account children's misconceptions abouc 
and folklore models of physical and biological causality' 
(27). In contrast to this, Robert Iraplus has designed 
three different types of lessons, namely exploratory, 
inventive and discovery for developing scientific 
concepts among elementary school children in the C ciencs 
Curriculum Improvement Study Project under the influence 
of the Geneva School(29). J.S.Bruner has talked of 
Teaching Science as a Tool subject(30)» Currently,Sci°nes 
education method specialists: A.R.Hipps and J.R. Suchman 
have advocated the acauisition of general inouiry skills, 
appropriate attitudes about science, and training in 
the Heuristics of Discovery 1 (31). The result of all 
this is that the two dimensions to the content and form 
of science have become very active which on the very 
surface, appear to be conflicting* It is a very serious 
problem for the very basic data obtained in the context 
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of new generatiofW^roj ects are expected to challenge our 
age old educational. nations because of its 'being 
entirely new, novel' and exciting, pointing to radically 
different concepts potentially applicable to the 
teaching-learning process(32). To quote J.S.Rruneri 

Unbridled enthusiasm for audio-visual aids or 
for teaching machines as panaceas overlooks the 
paramount importance of what we are trying to 
do, /l perpetual feast of the best teaching 
films in the world, unrelated to the other 
technicups, could produce bench bound passivity(3P). 

(f) Reference has already been made to the Revolution 
in Science Teaching, Lee J.Cronbach, while discussing the 
Psychological Issues and Recent Curriculum Reforms,savs 
that the seniors at the college, after a long period of 
absence, have returned to their juniors working at 
schools, with a view to help them how to familiarize the 
youngesters with the nature of scientific ©r mathematical 
thought; 

My ©essage has been that psychological knowledge 
is inadequate to answer the questions, now being 
posed by educational leaders. Part of the fault 
has been our over-confidence, be have failed 
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to realize that traditional experimental designs made it 
impossible for us to ask vital questions,, Moreover, there 
has been a great deficit of research on educational 
learning since 1920. Today, we find a happy conduction 
of demand for psychological knowledge,new interest among 
psychologists in cognitive processes, and challenging matters 
to investigateC 33). 

In continuation, Jerome S.Bruner, indirectly hints 
at the problems to be investigated which in a way are more 
philosophical than psychological or technological for they 
reflect the type of visilbn that we hold for the end-products 
of our educational efforts. He says! 

Much of the learning in our classrooms is atmoistic 
an^ episodic; children learn one fact here, one 
fact there. This sort of curriculum is made up of 
separate units, each a task into itself. "Me have 
now finished addition; let us how move to 
multiplication. 11 I do not wish to make it seem 
as if our present state of education is a decline 
from some previous Golden \ge. For I do not 
think there has ever been a Golden 4-ge in 

torrican public education. The volume of 

positive knowledge increases at a rapid rate, 

itemizing it into facts to he filed is not 

li v Iv fo pr^uco the kind of broad grasp that wild 





One df the principal objectives of 1 leamihg is to 
save us from subseauent learning, whan wp learn 
something, the objective is to learn it in such a 
way that we get a maximum of travel out of what 
we have learnt. If the principle of edition has 
been grasped in its generic sense, it becomes 
unnecessary to learn multiplication, for, in 
principle multiplication is only repeated addition. 
Learning something in a generic way is like 
leaping over a barrier, on the other side of which 
is thinking. When the generic has been grasped, 
we are able to recognize new problems as exemplars 
of old principles we have already mastered...... 

A significant aspect of the human mind is its 
limited capacity for dealing at any one moment with 
diverse arrays of information. We must,therefore, 
condense this information to that having general 
significant 34). 

3-Concluding Statement*. 

It is evident from the above mentioned problem 
statements that the above mentioned basic problems in one 
form or another are being encountered at different levels. 
Both researchers and practitioners are asking a 
different sort of ouestion but with the same general, 
objective in mind. Specifically speaking, the workding 
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teacher wishes to know how to present the subject matter 
of science to the youngsters with a view to develop 
their thinking. The curriculum builder, while insisting 
on the inquiry approach, wishes to know the order of 
subjects or parts there of to be approached respectively 
by him as well as by his pupils. 

l&The subject matter specialist at the research 
level is engaged in finding the most powerful scientific 
concepts which could trigger off young Children's minds 
in the direction of the subject. The cognitive as well as 
the method specialists wish to relate the mental develop¬ 
ment of children to the most powerful Fctentifjc cencppts 
with or without the use of appropriate first hand 
experiences, by determining the ' transfer value of 
statements of principles given to a subject, at. contrasted 
with individually derived principles 1 (35). The 
philosophers of science wish to relate our work with 
fundamental purposes of human life so that no violence 
is meant as well as done to young learners. In a 
restricted frame of reference, it is a three tier 
problem involving research on the origin and growth 
of thought processes, methods of teachingCuse of 
instructional and illustrative material also included); 
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and the continual selection of the most powerful basic 
concepts relevant to teaching learning process in the wake 
of recent revolution in scientific knowledge. Naturally, 
a very broad frame of reference is needed tn answer 
these littl" understood problems which can only be built 
up if there were already a good number of specific 
studies in each cf the above mentioned areas which 
when integrated will surely succeed to illumine the very 
basis of human thinking. At present, it is a pious 
hope as the next chapter will show. The present study 
is an attempt in that direction(35). 
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Introduction 

Latin Foet Terence once remarked, n Being human 

myself, I regard every thing to do -with human beings as 

my concern u (36). It is an excellent remark applicable 

to human thinking, leaminp, adjustment and attitude. 

Speaking restrictedlyJ* it can he very safely said that 

our knowledge about how children leam science is very 

little. Yetit Is a fact, that learning goes on in a 
* 

big way fimong htfmans and, to a varying degree, in animals 
as well. It may he provoked by new and novel material, 
repeated presentation of the same in different ways, 
opportunities for'practice and individual curiosity( 37). 

i 

, * ' 

Like reel,. E*l* lunzer then poSes several problems 
which need to be answered by the researchers; conditions 
for learning maximally, amount of practice, the nature 
of very learning, the contextual operation of intelligence 
'‘for example, rapidity in learning) and the nature of 
difficulties underlying Various learning tasks (38). 

It is also well known that we least make use of the b a s1 c 
concepts drawn from the various learning theories and the 
well known empirical studies including action research 
variety in our day to day instructionC38), £ven in this 
decade, no serious and sequential effort has been made 



-34- 


to select even few concepts, demonstrate & illustrate 

the$ under all possible conditions, for as many school 

subjects as possible, encountered at school right 

throughout the schbol(39), Research of the practical 

type relevant to the .teaching of various school su>jec 

including science and mathematics is little in this 

country(39). Even in literature, .idpas lip scattered 

‘ * ' 1 

here and there which when consolidated should heir us 
a bit in Relating, the mqrjta}. development of 1 children 
to the powerful concepts of science. It is ,therr^ore, 
necessary to see the problem of hitman thinking in term 
the following eight theoretical standpoints mit of vM 
the last three ones are of much signi^icante in view r 

- a 

the scope of this study! 

I. S-R Theories. .. r 

, , II.Gagne*s Viewpoint. , 

III .Phenomenological Theory 
IV.Factor Analytic View 
, V.Information Processing 

VI.Gestalt School 

VII.Geneva school 

VIII.Accelerated Learning 

1. Gestalt School ' " 

Wurzhurgers were the first to investigate then 
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exp erimentally and, in fact, developed their own method 
called Systematic or experimental 1 intrnspectionUo). 

They were not interested in problem solving as such hut 
defined themselves to such auestions as 'what is the 
consciousness when we are thinking of"? ” Why dpa s a 
subject start thinking"? They conseciuently considered 
consciousness as passive entities(25). They also did 
not distinguish between productive and reproductive 
knowledgeC or thinking as the same laws applied to both). 
\s a more fruitful and productive model appeared on the 
scene, the whole approach of Wurzburg school fell'like 
a house of cards silently and without any resistance’(40). 
This productive model was the Gestalt psychology whose 
leading figures were Wertheimer* Kohler, Koffka, Guncker 
and Lewin. They violently attacked the prevailing 
association psychology, structuralism, functionalism 
and behaviourism then prevailing in 'taerica; and 
in simpler words denied the possibility of interactions of 
simpler bonds developing into intelligent as well as 
purposive behaviour. It is a paradox that this school 
is deeply rooted in philosophy; and physiology which was 
little developed pt the beginning of the present century. 
If we avoid the controversies, two key concepts in 
relation to science teaching appear in literature,these 
being Insight and Productive Thought. 




- 36 - 


Features of Gestalt Psychology: Thpse Are? 
ierception is superior to sensation* Laws underlying 
perception extend not only to thinking hut also 
to the objects of thought. 

It is neither additive nor summative or either 
process or product. Whole is not simply the numerical 
aggregate of its constituents. 

Behaviour alwars tak.rs pl*ce in an environment# 
F-sychological processes operate in thr present 
field which are subject to Gestalt forces; symmetry, 
continuity, proximity, closure and pood form etc. 
Isycholopical field is not mystic for a corresponding 
field functions in thr brain, th=>t is ' interaction 
occurs among the brain correlates of the perceptual 
facts in question'. Thpse two processes arp, in 
fact, isomorphic ( parallel) which imply eouality 
of structure, thus, making a physical physiological 
explanation of psychological organization. 

There is least stress on memory ahd past experience 
(41). 


They have emphasized the dynamic nature hf the 
and then posed main problems underlying thinking 
re restrictedly speaking, problem solving or 
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productive thinking. Being dissatisfied with the existing 
approaches of traditional logic and association theory, 
Wertheimer posed to himself the following nuestinn and 
thpn attempted to answer it as wells- 

What occurs when, now and then, thinking really 
works productively? Khat happens when, now and 
then, thinking forges ahead? What is really going 
on in such a person? Those are not easy ouestions 
to answer when solution depends upon observing 
such processes as they actually go on in thp 
mind. 

What really takes place in such processes? What 
happens if one really thinks, and thinks productively? 
What may he the decisive features and steps? Few do 
they come about? When the flash, the spark(4f)? 

He goes on to speculate about conditions,favourable 
and unfavourable that influence attitudes towards thinking; 
good or bad; and the methods of improving it. Then ho prses 
problems for the development and improvement of thinking in a 
manner which have direct implications for the effective 
teaching of school subjects, comparable to that of 
'Operational Besearch' or 'Museum of Defects',the two 
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popular key concepts in industry. He asks; ^Suppose we 
were to make an inventory of basic operations in 
thinking - how would it look"*? " What basically is at 
hand"? "Could the basic operations themselves be 
enlarged, improved and then he made more productive"^)? 
Lastly, he tried hard to distinguish between structural 
and non structural solutions when he discussed some 
problems relating to paralellograms, sum of the angles 
of a polygon and summation of series which are well 
known in the literature. In this thought provoking 
discussion, it remains unclepr how the nnn structural 
solution changes into a structural one for Koffa 
rephrases this problem again when hp says," How does a 
problem find its solution, how does the stress set up by n 
question contrive to create those conditions which make 
the answer possihle"(43)? He adds furthers "The problem 
of the arousal of a new process is not in all cases a 
problem of traces" (43). The immediate cause is still 
shrouded in mystery for this problam has been duly 
recognized by Wertheimer, Duncker, Maier & Cl fl parede(43). 

Karl Duncker on Problem Solving. Particularly 
speaking, let us now refer to the work of Funcker on 
problem solving. Usin<~ problems of practical variety harir 
cl^or cut solutions, he stated his main thesis as 
foil r vs;- i 
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In the present investigation, the mjr-stion is; 

How does the solution arise from the problem 
situation? In what way(s) is the solution of 
a problem attained? problem arises when a 

living creature has a goal but does not know 
how this goal is to be reached. Vfoenever, one 
cannot go from the given situation to the desire* 
situation simply by fatten* the* these- to be 
recourse to thinking.( By action wp mean the 
perform (■flo-e of obvlo-ae operation*)), Such TSrmlctef 
has the task of devising some action which may 
mediate between the existing and the desired 
situations. Thus the solution of a practical 
problem must fulfil two demands. In the first 
•place, its realization must bring about the goal 
situation; and in the second place, one must be 
able to arrive at it from the given situation 
simply through action(44). 

At every moment during the course of prohlpm solving, 
the direction of a solution-process depends on the 
psychological relief map of the problem situation, the 
disposability and the looseness of the elements 
constituting the problem. Two of his world famous 
problems as Quoted in literature are mentioned below* 




(a) The Compensated Pendulum. 

You have seen a pefldulum. The showness of fasteness 
of the pendulum depends upon its length- the distance 
between the point of suspension and the centre of 
gravity of the bob. In winter, this length decreases 
and the clock goes fast and vice versa in summer* 

But we want the Slock to run with absolute accuracy, 
How can be this defect remedied 9 lastly, we are 
'only concerned with the length of the pendulum 
for the rest, the ppndulum may have any appearance 
at nil*. 

(b) The Stomach Tumour Problem. 

There is a patient suffering from an inoperable 
stomach tumour. Radiation at different intensitips 
is available. The problem is to treat the tumour 
without destroying the healthy tissues surrounding 
it. What can be done(44)? 

Case study approach is employed. The mpthod' of 
procedure is cuite simple. The subject is asked to speak 
aloud all the ideas(both, sensible and otherwise) which 

t 

strike him during problem solving. Further, the subject 
is free to question the experimenter whenever the former 
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is in doubt or does not feel completely informed about 
the problem under attack. 4ll the responses emitted by 
the subject are recorded. This dialogue continues till 
the problem is solved partially or fully nr when the 
subject gives up. The following conclusions emarged 
from his studies? 

(i) One solution is as good as any other solution so 
far as the'way out» of the problem situation is concer¬ 
ned. What is reflected, in fact, is the degree of the 
acceptance of the demands of the problem. Extraneous 
considerations enter into the problem situation 

when the essential aspect of the problem is not 
grasped. 

(ii) Dun eke r then distinguishes bptween fuctional 
solution and the specific solution. The functional 
solution maybe right nr wrong. It only reflects 
the general range of approach o r even availability 
n f ideas on a particular problem. \t the specific 
execution of the solution stage, the problem is 
simply to fill in the minor details only. He then 
goes on to distinguish between meaningful errors and 
stupid errors. The former arise in the specific 
execution of the right idea and the latter ones 
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ayise when the grasp on the problem is either absent or too 
poor. He is then able to distinguish between 
organic solution and mechanical solution by the tyre of 
behaviour shown by the subjects during problem snlvinpCln 
the final written form of the solution, this distinction 
is very difficult to maintain and Duncker is aware of 
this difficulty). The organic solution is meaningful, 
less elegant, long and time consuming whereas the 
mechanical solution is concise and follows a set 
pattern. Moreover, in the case of an organic 
solution, one sees clearly the evidence for the analysis 
of the goal, analysis of the situation or conflict( "where 
is the ground of the trouble"?) and analysis of the 

material. For instance, Piaget's work on number 

/-* 

shows the concept of mechanical solution in the case 
of children who compute accurately without even 
understanding the basic ideas, a finding consistent with 
John Holt(45). 

(iii) Generally speaking, in the case of a successful 
solution, each response to the problem situation is in 
fact the reformulation of the prnbion developing 
organically. In prospect, it is the natrure of another 
problem!Concretization of the goal) and in retrospect,the 
nature of a partial solution to the problem. The 
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fcrmulfition of the problem more productively then implies 
the emergence of nne or more them one functions! solutions 
where a specific statement or a series of specific 
statements leads to the final form of the solution or 
solutions, 

(iv) Cues and hints are only understood when they approach 
the genealogical line under development, a finding consistent 
with the Law of Anticipation as stated by Selz. According 

to it, success favours that operation which'anticipates 
the sch latte anticipation of the solution 1 approaching 
fully its anticipation(46). 

(v) Solutions learnt mechanically, that is, without 
understanding tend to be forgotten in thn near future, 
last experience then do<=s not gurantee success because tbe 
very essential of the problem was not grasped then. 

Iroductive Thought & Insight. Gestalt psycholory 
had its origin in the field of perception and the 
Gestalt Laws developed here were found to be arrlicable 
to learning, thinking and thought processes. According 
to Gestalt psychology,'thought was not an unaltered 
return of the previously learned experience’,as 
Htherto con si d ere d( 40), Even thp very recall of the 
solution would depend upon the prevailing conditions(4l), 
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Vie have already referred to structural and non structural 
solutions as pointed out by Viertheimer for behaviour is not 
blind as it is 1 a sensitive response to the structural 
relations existing in the situation as a whole"(44) .Duncker 
and Katona explained productive thought in terms of synthetic 
insight and meaningful versus rote laarningU?) .Shirley 
went a step further by suggesting that the'very reorganization 
of knowledge is retrospective in character*(48),0n further 
analysis* it appears that the concept of productive thought 
is more basic than the concept of insirt. In fact, the 
concept of insight can ho easily hooked to productive thought 
for the 'pleasant Gestalt Journey 1 begins when one moves 
ahead on the basis of incomplete information,with or without' 
aha 1 experience on the way. 

Insight. It is one of the main contributions of 
Gestalt psychology to ’problems of learning? identification 
pn * 1 characterization of insightful behaviour and insightful 
transposition*. It is interesting to point out that Kohler 
attributed this concept of insight to animals on the basis of 
experiments carried out on chimpanzees during his imprisonment 
on the island of Tenerilic during the first world war(36). 

Pe found that, unlike a rat, chimpnnzpe is cnpah]p nf using 
tools which is not an innate ability. He does it because he 
'discovers them a s a result of successive ceetructurizatinns 
o. its perceptions' to meet the reouirements of the problem in 
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■ : hich meaningful errors ere partial insights on way to the 
.cmpleto solution of the rrohlem. He thus rejected trial S- 
error learning as propounded hy Thorndike and in its place, 
'paid attention to the immediacy of insightful solution 1 
whose characteristics according to E.A.Lunzer *re* 

1.Suddenness of solution. 

2 0 Immedipcy and smoothness after solution. 

3.4hility to repeat solution without error on successi 
-ive presentation of original problems. 

",Ability to transrose thp solution to situations 
exhibiting the same relational or structural 
feathres,hut in a different context(49). 

Whereas Kohler showed this phenomenon in chim; anzees, 
Wertheimer, the father of Gestalt Fsychriopy, demons crated it 
in children who brought out successfully the structural 
features of the problematic situations baspd upon figures 
of eauivalent arras after having undergone a few appropriate 
experiences hut, at the same timr, had not learnt Euc]id(42), 
Ihr opponents of this term, on the other hand, have 
characterized it as 1 mystic, mysterious, anti-scientific and 
accidental 1 (40). It is so because according to them, 
i'c is not possible to predict thp moment of prediction, 
donsepuently, according to E.A.Fepl, this term has 
r c'f dr-mandrd lot of explanation (40). Thera is, 
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however, agreement that insight occurs when there is 
integration of experience, a restructuring or seping 
of the new relationship to the problem at hand. Provided 
the intelligent world existed, Puncker tried hard to 
distinguish between analytic insight an* synthetic 
insight. The former corresponded to the reproductive 
knowledge and the latter, to the productive knowledge. 

It is not possible to distinguish between the two 
solutions on the basis of the above mentioned two 
sub-concepts because both understanding and inference are 
present in successful as well P s unsuccessful solutions. 
This difficulty further increases, according to K.'i.Peel, 
when Gestalt psychology does not evaluate productive 
thougbt(40). In other words, it is safe to say that 
insight implies more than aptness of the solution 
rather than the existence of high 1.0.(39). lerkes, 
another animal psychologist but not a Gestalt one 
says, " that the conventional formula for habit 
formation is incomplete and that the process of trial <? r 
error is wholly inadeouatp as an account of anthropoid 
adaptations" (39). He has independently determined the 
characteristics of insight experimentally which are 
cuite comprehensive and throw light on this concept as 
Lvelopcd by Gestalt psychologists. It appears 
b'at the word 1 insight 1 is tripd to the changes in 
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the problem situation itself which bring eh nut the experience 
pf insight to the subject. Van de Geer ameers to have said 
a last word on it when he says’- 

4 shift in meaning is apparent. It meant to 
indicate a specific inner experience, later 
it was regarded as a certain Mm of behaviour 
and now it appears to be a sort of psychological 
principle(4o). 

In summary, the Gestalt Psychology, according to Irwin 
ulesnick, visualizes an active role for the learner in bis 
lemming process for he is not a passive entity!50). TMs 
implication is naturally linked with sel f -study and self- 
education, an excellent culminating point fnr any educational 
system anywhere in the world. Secondly, it discourages the 
acouisition of facts, concepts and principles without 
understanding, a positive step towards real leamine and 
knowledge. Thirdly, it stresses divergent thinking in 
the phraseology of Guilford, that is going for beyond the 
starting point in one's thinking hy setting up all 
sorts of hypotheses (open hypotheses) an- 1 testing them 
against the given data, the demands of the problem or 
setting up control experiments with a view to exclude 
irrelevant variables. Those new scientific concepts nr insights, 
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according to Irwin Slesnick are gained through a ‘series 
of acts of discovery, however, small these steps may he.*(50). 

2. The Geneva School*. 

Educational ideas like scientific ideas dn not develop 
In vacuum for they have their past in educational principles 
'rooted in the vi$do®:i of the apes', datinp hack to the 
ancient Greek thinkers like Socrates <?: I'leto. Since then* 
the ideas of many great thinkers representin? different 
disciplines have been woven into the fabric of currant 
educational philosophy and practice 1 (5\). Piaget drinks 
heavily from this philosophical sprinp and even pays 
hack his ancestral debt abundantly in his life time 
to the moderns and the futurists for it is impossible to 
imagine today any study on cognition without reference 
to his work. He presents some sort of thought 

* 

provoking synthesis of various theories. In his thinking,be 
has been influenced by Tlato's rationalist tradition,Kant»s 
doctrine of mental categories, Bergson's notion of perceptual 
change, work of Gestalt psychologists, use of lerpic for 
interpretation of thinking (classes, relations, grouping, 
reversible and eouilibrium ) and several individual 
personalities past & present of his country, a fpw 
to mention ares Calvin, Rousseau, rpstalom, Clararede, 
i'inswaneer, Blouier,. Rorschach, Meili, Jung and Secbehaye(5l). 
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On the top of it, his own subjects Mology has coloured 
his entire work when he stated*. 

Development is continuous not only with the 
individual but throughout all evolutionary 
levels. F^om the biological to the social 
to the intellectual level, the unity of nature 
is preserved. The functioning of the loveliest 
mollusk is based on the same fundamental processes 
as that of an Einstein(52) * 

So the contribution of Piaget and his coworkers is 
monumental. This is despite the fact that his work did 
not evoke much interest for long. 0n e of the reasons for this 
roor appreciation was that Piaget is and has been a 
difficult author to read and understand. Put the last 
twelve years have brought a complete reversal in researcher f s 
attitude toward Piaget. The reason for this is that much 
of recent research has been geared to verify and tp©t 
liaget's basic ideas. Now, according to J.ft.Wallace, 
he can be 1 fairly said to bestride the field of 
contemporary ontogenetic studies like a colossus 
liaget chooses problems for investigation from the area 
of cognition without considering at the same time any other 
r "itside variables like intelligence, socio-economic status, 
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rur al and urban differences, personality traits and even 
motivation. He takes sach piece and interprets it from all 
possible viewpoints (includihg historical and philosophical) 
and then gives his own view point. 4nd in this process, he 
discards all the alternative interpretations considered 
earlier. It hardly matters for him even if he has to go a 
long way, according to J.H.Flavell, in explaining his view¬ 
point even at the xost of limited data collected empirically 
for the purpose!54). 

Tiaget acknowledges his debt to Gestalt Psychology in 
his thinking. 4 mention has already been made that Gestalt 
psychology is itself quite rich in ideas for teaching 
science effectively. But Piaget goes a step further when 
he says that his schema are 1 more dynamic and modifiable 
structural units than are the Gestalts' (52,54). They are 
characterized by mobility, transposability,generalizability, 
elasticity, self-modifiability to fit new data, built-in 
activity; and lastly, they undergo evolution through 
corrective contacts. Inferior schemata then become 
superior ones which are, comparatively speaking, more 
adequate to reality adaptation. There is no place 
of insight because the complex schemata arise or evolve 
from the simpler ones already formed. To put in simple words, 
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unlike a Gestalt, schema has a past history( continuity)which 
&as its own laws of development. It may he therefore inferred 
from the above, that Piaget does not reject Gestalt 
psychology ih toto hut on the other hand, he makes it more 
mobile and consequently replaces its 1 apriority with a 
genetic relativity 1 (54)* 

Method of Procedure. Piaget does not use standardized 
procedures (perception excluded). He chooses methods and 
technioues reflectively for effective exploration relative 
to the phenomenon under study. He develops his own concepts 
which are at times misunderstood, misquoted and found to 
suffer not only from defects hut also he is found to apply 
them differently,, i.e., their meanings appear to chanpe 
depending upon the period of his work, difficulties 
of the readers increase when he does not at all explain 
his concepts sufficiently well hut takas them for granted 
in his abstract reasoning. At the spme time, while 
sticking to his field, be evaluates critically the 
findings of others and accepts criticism in turn(43,54). 

Piaget's approach is elastic and flexible. His method 
J s clinical which demands both' imagination and critical 
1 nsc ' fur a great care is taken in not imposing the 
/” rimonter's point of view on the child. Further, riaget 
l - " |h - r i n establish a very good rapport with his subjects, 
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In one of his experiments, he proceed somewhat is 
follows *•- 

Piaget 1 am I doing ? 

Pupil • You are clapping. 

riaget i Uhet am I icing ? 

pupil • You are slapping (55). 

Tfeer. liaget presents the problem. Fe thus succeeds 
very well in giving us the inside view of what happens 
when children think. He dees this by observing his subjects 
in informal situations, that is, under natural conditions, 
anestioning them verbally about their every day concepts 
round the natural phenomena’, and investigates their thinking 
through his highly ingenious experimental materials and 
physical experiments. He then classifies their resrnnses 
into stages and discusses the main distinguishing features 
of each stage; and how it is linked with both its predecessor 
and successor stages. He also reports analysis of freouencies 
of responses and dispersion by ages. Fe then links these 
stages to his highly mathematical and abstract logical models. 
®e hardly computes the conventional sort of statistical 
measures. Fe hardly uses tests of significance. This 
naturally publicizes a false impression that IIaget 
does not have any grounding in statistics and mathematics, 

-'’ich hr has giv^n one apt reply: 

Ti « n K ;p ct of these studies, initially,was not 




to establish a scale of development and to obtain 
precise determinations of age as regards stages. 

It was a auestion of trying to understand the 
intellectual mechanism used in the solution of 
problems and of determining the mechanism of 
reasoning. Pbr that we used a method which is 
not standoff zed , a clinical method, a method of 
free conversation with the child..».That is why, 
personally I a® always very suspecious of 
statistics on our results. Not that I dislikP 
statistics 0 , I worked on biometrics enthusiastically 
when I was a zoologist, but to make statistical 
tables on children when each was Questioned 
differently appears to me Pery much open to 
criticism as regards the results of the 
d?ispersion(56). 

Ha has his own reasons for selecting and developing 
'■neso unconventional technioues. One should not miss the 
mint that Viaget aims at investigating and finding out as 
luch as he can( may it be at its worst considered a sort nf 
'Aplomtion) successive cognitive structures in the whole 
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prooess of ontogenetic development among normal children. 
Therefore, researchers on Piaget have simply to learn to live 
with them( techniques) for the essence of his critical 
methods is to* separate the wheat from the tares and to keep 
every answer in its mental context, the context may he me 
0 f reflection or of spontaneous belief, of play, or of 
prattle, of effort and interest, or of fatigue r ( 571. 

It is just recently that Piaget has expounded his 
eclectic methods of research and -theory construction. In th*»ae, 
he employs two essential approaches which have much in common 
with those* applied to nuclear sciences- Siese are a detailed 
analysis, in order, of an investigation based upon cause and 
-effect constituting a net-work characterized by hierarchical 
relationships and combined connections and the cnnseauent 
1 analysis of implications hy considering both the field as a 
whole and the co-ordination of its parts, in mathematics, this 
is comparable to the group, and in logic, to the propositional 
operation.' Bnpirical investigations and the inductive mode 

i 

|of reasoning are akin to the first approach, while reasoning 
^ logic and constructing hypotheses by deduction is similar 

tr> he second(5§), Piaget believes and stresses that symbolic 

1 * • ^ 

z 1 like statistical technioues is a productive research 

l in psychology as well. One of his colleagues, Inhelder 
ft’ vs; 

f ' 

The use of such tools In no way Implies that 
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the psychologist has succumbed to lopioism,that 
is, has decided in advance that the real thought 
of the child Should conform to the laws which 
govern logical and mathematical structures. Only 
the facts can decide whether or not it does so 
conform.... .These models reoresent the ideal system 
of all possible operations, while actual thought 
makes hut one choice amongst them. More than twenty 
years of research have shown that cognitive 
development approximate these models without 
attaining them completely59). 

Isycho-Logic. Just as mathematical physics helps 
the physicist to interpret experimental findings in physics, 
similarly, I'iaget constructs his own logic to investigate 
and interpret intellectual operations. For the last thirty 
years or so, Piaget has heen usinp successfully the 
various technicals of symbolic logic for uncovering the 
intellectual behaviour of young children* It won f t he 
f'Ut of place to mention here that Piaget is not the first 
to recognize the importance of logic to test inferences 
based upon observations. He got this idea from the studies 
n f kuipc and his students at the Wurzburg school in 
r eimpny. Their studies indicated the accessory role of 
imagps ( essential as associationists would imply), 
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possibility of reporting the intellectual feelings and 
attitudes and thought consisting of anticipatory 
schemata,intention, rules and relationships. Apart from 
borrowing models such as those of Klein and B.ourbaki 
from modern mathematics, I'iaget himself has developed 
one of Ms own called' groupements 1 which are comparable 
to semi lattices (59).* Inhelder has suggested the njse 
of another weaker model which makes use of Boolean algebra. 
The adequacy of these logical s has been Questioned 
by many critics like Issac (l95l), rprsons(l960) ,Braine(\962) 
and even Bruner ( equilibrium as a transition rule), Lovell's 
remark that Tiaget would have produced a different child,had 
he had no training in Biology; and certain branches of 
mathematics had not developed as much as we find them 
developed in our times (60). It is ouite probable then 
that he may not have produced any child at all as our 
knowledge is as best as the prevailing conditions allow. 

And as Wallace says, ' his early training in Zoology, 
together with his increasing interest in recent' years 
in symbolic logic and the mathematics of groups 
and sets, have clearly influenced his account of the 
genetic structures of the child's minds' (53). To 
conclude with Bruner, there appears to be a potential 
dynamism in Piaget's system which could diminish some of 
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its angularities. He says; 

....What is plain is that the adolescent differs 
from the child not simply in that he used a 
profcsitional calculus that deals with 
possibilities rather than merely with actualities, 
hut rather that he is forced to deal with possibility 
by the nature of tasks that he undertakes and by the 
nature of the unfolding and development of his 
drives and the social connections reouired for 
fulfilling them. It is not an eauilihrium which 
keeps him hack in these Concrete operational 
stage and not a new eouilihrium that brings him 
forwr-f. It is the vicissitude of coping with 
demands- internal and external. The growing enter¬ 
prise, that is, an adolescent is now operating on 
a different programme. Logical structures develop 
a support the new forms of commerce with the world. 

It is just as plainly the case that the pro- 

I 

operational child, protected hy parents,need not 
manipulate the world of objects unassisted until 

i 

the pressure for independence is placed upon him 
at which time concrete operations emerge. So 
the concretely operational child need not manipulate 
tho world of potentiality (save on the fantasy 
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Ipvel) until the pressure is put on him,at which 
point prepositionallsm begins to mark his thinking. 
It Is no surprise, then, that children of 
intellectually under-privileged families or of 
manual workers tend to he less challenged in terms 
of a sense of possibilities and do not develop what 
we commonly speak of as an abstract pift(6l). 

Through the use of his symbolic logic, fiapet is 
able to discuss the properties of thinkinpCprocesses)at 
various age-levels in terms of what operations-children 
within the age group are capable and incapable of 
performing. He gives reasons why a particular problem 
(say Shohha is fairer than Rukmani and ShoMia is darker 
than Shubha, who is the darkest of the three 9 ) cannot 
be solved by the children within the age group 7-11 
years. He said that the thinking of the children 
is concrete and so they cannot react to the absent 
situation. Logical operations available to them are not 
sufficiently generalized: and consequently they can 
tackle only those problems which are presented to them 
concretely. To put it in other words, they have not 
yet evolved a corresponding cognitive structure. 

Uhen this cognitive structure is present, children 
try hard to tackle the problem systematically. Trial 
and error is gradually reduced to the minimum. 




Concept of Operations* r*ofi Bridgman ip TT.Si's.waS 
the first to champion that operatiohalisto provides a ' 

i 

real meeting ground for psychology and logic. As is 
knovn, operations play ah important part in logic which 
is based on an abstract algebra and is made up of 
symbolic manipulations. Here, operations kre considered 
real psychological activities on which our whole 
effective knowledge is based, liaget has therefore 
attempted to develop a psychological theory of operations 
which links psychology to logic. fioughly speaking, 
operation is a means for « mentally transforming data 
about the real world 1 , so that they Can be later on 
organized and used selectively tn problem snlvinr. 
Operation is internalized and reversible and thus 
distinguishes itself from a simple action or goal 
directed behaviour. Consider Piaget's definition 
of operations* 

Psychologically, operations are actions which are 
internal!zable, reversible, and co-orSinated into 
system characterised by laws which apply to the 
system as a whole. They are actions since they are 
Carried out on objects before being performed on 
symbols. Thpy are internal!zable, since they can 
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aiso be carried out in thought without losing 
their original character of actions. They are 
reversible as against simple actions which are 
irreversible. In this way* the operation of 
combining can be inverted immediately into the 
operation of dissociation.... .Finally, since 
operations do not exist in isolation,they are 
connected in the form of structures wholesC6?). 

These operations evolve gradually and one can 
distinguish four main stages in their development,these 
being the Soisori Motor, l'reoperational, Concrete and 
Formal which cover period from birth to maturity(59). 

Basic Ideas. It is difficult to summarize the basic 
ideas of Jean Fiaget for he and his coworkers have 
contributed immensely to the whole field of psychology; 
perception, reasoning, intelligence, dreams, moral 
development, space, time, play, thinking from early 
childhood to late adolescence and other varied problem 
areas. It is interesting to note that he bas devised 
highly theoretical, abstract and imaginative frame of 
refermce which have won world wide fame; and are 
admired highly hy researchers on cognitive develorment 
vit’r little concern to th' theoretical frame. In thjs 
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context even Flavell, the best American Publicity 
Officer, Piaget sn far has* Is no exception. It is then 
leait surprising that he evokes extreme comments on bis 
vork. James J.Gallagher has attempted the following five 
major themes like conceptual schemes in science running 
through Piaget’s work on the 1 development of intelligence 
as part of the more general process of biological 
development’. These are"«- 

(a) Continuous and progressive changes takp place 
in the structures of behaviour and thought in 
the developing child. 

(b) Successive structures made their appearance in 
a fixed order. 

(c) The nature of accommodationC adaptive change 
to outer circumstances) suggests that the rate 
of development is, to a considerable degree, 

a function of the child's encounters with his 
environment. 

fed) Thought processes are conceived to originate 
through a process of internalizing actions. 
Intelligence increases as thought processes are 
loosened from their bases in perception and 
action cc thereby becomp reversible, transitive, 
associative, and so on. 

(e) A close relationship exists betweoi thought 
processes and properties of logics'll. 
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Theater 'ire very broad as well as grand hypotheses. 

Let us, therefore, consider some of the basic ideas of 
j'ipget with special reference to the teaching an# learning 
of science. 

(A) There is a constant interaction between the nr nanism 
a nri the environment. It is out of this encounter that the 
intellectual structures are born. riapet, here,introduces 
two basic invariants of functioning, namely, orpenization 
and Adaptation which are not only inseparable from pacb 
other but also are 1 two complementary processes of a 
single mechanism, the first beinp the internal aspect . 
of the cycle of which the adaptation constitutes the 
external pspect , (64). This dual functional invariarit 
of organization and adaptation is expressed by the 
'accord of thought with thinps and the accord of thoupht 
with itself 1 (64). In other words, thought adapts itself 1 to 
things and gets organized to structure thinps in tum(64). 
In case of adaptation, there are two interrelated 
components, namely, assimilation and accommodation. 

These are two fundamental processes, the former refers 
to the absorption and integration of new experiences 
with the existing schemata and fche lattpr refers to 
the modification of schemata as the result of the new 




experiences* It may be mentioned here that adaptation is a 
unitary event and so assimilation and accommodation 
merely abstract concepts drawn from this unitary reality 
which are inseparable^ indis sociable and simultaneous as 
they operate in a living cognition-' intellectual acts 
always presuppose each in some measure'. This is 
something like the concert of 'epignesis', a term 
borrowed from zoology whpre the ' function remains the 
same and the structure changes'^4).) Vhile expounding 
liapet's basic ideas, Maier says*. 

.... Experiences are taken in only as far as the 
individual himself can preserve and consolidate 
them in terms of his own subjective experience. 
Thus’? the individual experiences an event as he 
conceives it. Accommodation is directly converse 
to assimilation, and represents the impact of the 
actual environment. To accommodate is to conceive 
and to incorporate the environmental experience as 
it truly is. For instance, a loud noise of a daor 
falling shut unexpectedly as assimilated according 
to its impact upon the individual hearing it;the 
nature of the noise experienced is determined by 
the way the individual interprets it. However, the 
individual also, in varying degrees, adapts to the 
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noise for what it actually represented that is ,he 
accommodates the experience. Thus,bntb processes 
always act together. They are interlocked and 
simultaneously involve conflicting forces between , 
opposite poles? that is, assimilation is always 
balanced by the force of accommodation,while 
accommodation is possible only with the function 
of assimilation. An environmental object is never 
experienced unless it has a personal, assimilative 
impact. Tiaget stresses that an nbj pet can never 
exist unto itself,itialways involves assimilation 
and accommodation on the part of the experience. 

To repeat, processes of both assimilation 
and accommodation provide complementary,but 
opposing pulls. A pull to think to feel an^ to 
act as previously experienced is challenged 
by a pull to think, to feel, and tn act according 
to the realistic demands of the new situation. 
Although Piaget r s theory is hunt upon thpse 
biological models of homeostasis, he warns us as 
recently as i953, n We describe behaviour in 
physiologic or behaviouristic terms. Ve describe 
in tnto, tout we do not know the underlying 
processes(59»). 
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Havell further elucidates* 

In summary, the functional characteristics of the 
assimilatory and aucomodatory mechanisms are such 
that the possibility of cognitive change is insured, 
b$t the magnitude of any given change is alwavs 
limited. The organism adapts repeatedly, and 
©■ach adaptation necessarily paves the way for its 
successor. Structures are not infinitely 
modifiable, however, and not everything which is 
potentially assimilable can in fact be assimilated 
by organism \ at point X in his development. On 
the contrary, the subject can incorporate only 
those components of reality which its on going 
structure can assimilate without drastic changed). 
Lastly, in this interaction, it is not possible 
to find the proportionate contribution either of 
environment or that of organism to the total develorment. 
Miile surveying the evidence for an against the 
predetermined development, Hunt supports the view that 
'analysis of variance model in understanding this mutual 
interaction is meaningless*( 67 ). 

B * It win not he inappropriate, if we elucidate some 
" f his if ^ eRS ^the help of Kelvin scale, which is 
usually mentioned In physics textbooks(65). This i s an 
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opoi-ended scale in which both the highest end lowest 
temperatures are left unfixed. It is ouite difficult 
tn place a restriction on the highest temperature,that 
is, maximally possible and in regard to the other, 
scientists get into difficulties when they try hard to 
obtain the lowest temperature! absolute zero) In 
the laboratory. Except these two limitations, this scale is 
ouite useful to the physicists. It is possible to visualize 
the same thing for this mutual encounter ( inter-action) 
between the organism and the environment out of which 
intellectual structures evolve. The hegirniingof this 
mutual interaction is difficult to fix due to our 
inadeouate knowledge on the beginning of life an* its 
mysterious reproduction; and added to this is the 
past history of mankind itself. Similarly difficulties arise 

whai we attempt to fix the other end nf the scale,the 
main difficulty being the very evolutionary nature of the 
knowledge itself eccelerated in our times with time 
dimensions held in posterity. Piaget then attempts in a 
high way how scientific and mathematical concepts 
develop on this continuum, Thp main features of this 
scale are now mentioned helow*- 

(a) Wien taken in isolation, it is independent of 
heredity ^r individual experience. It depends upon both 
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for only then the human mind is able to create new and 
never novelties, 

(b) On this scale, there are four main stapes coverinp 
the approximate P erio ^ s 0-2 years, 2-7 years, 7-11 years 
and 11-15 years called the sensorimotor development stape, 
preoperetional stape, concrete stape and the formal stape. 
Each stape prows horizontally as well as vortically. 

(c) Each stape takes time to form and attain eauilihrium. 
Each stape thus formed and attained is incorporated into 

the succeedinp stape. Thus the succeedinp stape incorporates 
the pains of the precedinp stape. These stapes fol]nw 
each other in a fixed order for the majority of the normal 
pupils in which the specified ape ranpes can very from 
culture to culture. Thus, there is no ripidity repardinp 
the ape ranpes. Further, it has been seen by Inbelder 
on tbe basis of lonpitudinal studies that intellectual 
development appears to be sliphtly Accelerated. 

(d) Individual differences at a particular stape »re 
disreparded and similarly the specific differences arisinp 
due to the specific situations or experiences are dis¬ 
reparded but fiapet concerns himself with tbe sequence 

of development of child r s thoupht. Majority of tbe 
children pass throuph these stapes invariably. 
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e ) I’iaget describes cognitive development in terms 

■ 

c #* stages, which as such do not clarify anything except 
logical steps obtained on a particular problematic 
situation. I’iaget goes ahead and investigates further the 
structure of these concepts( stages ) with the help of 
symbolic logic. It is this work which he substantiates 
mathematically that gives his work a superb distinction. 

f) Mtb the help of his symbolic logic, he 
distinguishes among the availability of various logical 
operations at various age levels. In fact, be pinpoints 
the strengths and weaknesses of the thinking processes 

at various age levels and arrears to give convincing rpasnns 
why the children behave as they do in Ms experimental 
tasks. These findings, he generalizes for all children 
in his highly abstract theoretical frame of reference 
which is deeply rooted in epistemology. Some of the 
distinctions stage-wise are* 

(i) it the first stage, child lives in his own 
practical world and he explores various 
possibilities for his activities. He does 
not develop self-knowledge and splf-conscious- 
ness about himself. He lacks language and 
therefore mainly performs overt activities, 

r • \ 
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CiiOii) At the second stage, his thinking is povemed 

. by the perceptual considerations nf the situations. 
He msteos the judgement aS he sees the situation* 

^ resolve his conflicting statements. 

(iii) All verbal thought is not formal t It may have 

i 

in it a situation which is in fact concrete* 

Sc a formal problem may be solved concretely. 

(iv) At the third stage, the subject is tied to the 
concrete situation or the empirical data. Fe 
critiaizes data and brings extraneous considerations 
into the problem situation. He understands the 
content of the problem but fails to appreciate 

the form of the argument, ^t the fourth stage, 
on the other hand, possibility dominates and 
reality becomes secondary. 

(v) Combinativity, reversibility,associativity and 
identity, etc., available at the concrete 
stage are shown tn be generalised at the formal 
stage. This explains the emergence of operational 
schemata like combinational, proportional,mechanical 
eouilihria, correlations and probabilities»etc., 

at the beginning of the fourth stage. 
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II a get formulates the properties nf these thinking 
processes available both at the concrete stage an* the form 
-al stage in such a way as to include both, that is, 
their ’mobile eouilibrium an* their ontogenetic formation’. 

(p) It is then easy to see the point that all thought 
is not formal. It may have in it a situation which is in 
fact concrete. So a formal problem may he solve* concretely. 

(h) 1'iaget analyses thought activities! interinrization 
of activities) in terms of groups or systems of operations 
which are relational an* posses the following attributes: 

a. Composition: Any two operations can be combine* 
to pro*uce a new operation. 

b. Rrversibility(inversion)s Two operations combine 
which can he separate* again. One can return to 
the starting point, 

c. Associativity: The same operation may be obtaine* 
by combining in*ivi*ual operations in *ifferent 
ways, 

*. I*entity: Combining an operation with its inverse 
which annuls it. 

e. Technology: It has a special meaning here. 

Reputing a logical operation only gives repetition 
or tautology: '3+Z=^ because * is 7 > (68). 
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The above are simple structures! which Piaget calls 
Elementary Groupments) which are available to the children 
at the concrete stage. These are, definitely, limited in 
scope when compared to lattices or to the groups character¬ 
izing propositional operations or the operations of 
classes and relations in their most general form’, for 
example, Boolean Algebra. These have not yet acouired a 
complete comhinatorial character. This in fact evolves 
at the formal stage and is called the proupement of the 
second order which is more comprehensible and general 
and corresponds to later mental structures. To put in 
simple words, there is a higher degree of reversibility 
at the formal stage as compared to the concrete stage. Fetati¬ 
on (inversion) and refiiprncityfche two forms of reversibility 
get united at the formal stage in a complete operational 
system which was not the case earlier, lit the same time, 
they also’ correspond to the model cn-ordinatpd 
transformations which are^fundamental in thought*. They 
are 1 the operation! identity), its inverse! negation), 
the reciprocal of the original operation and its inverse 
(reciprocity) and finally the negation of this reciprocal 
(cnrrelate) ’. 1’iapet then says*. 

. the construction nf propositional operation 

is accompanied by a series of chanpes in the subject's 
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capacity to perform operations. The different schemata 
which he acnuires are shorn to imply not merely isolated 
propositional operations? hut the structured wholes 
themselves (the lattice and group IWRC) which the 
propositional operations exemplify. The structured 
whole, considered as the form of enuilihrium of funda¬ 
mental psychological importance, which is why the logical 
(algebraic) analysis or such structures gives the 
psychologist an indispensable instrument of explanation 
and prediction^). 

It is no wonder then that the children at the formal 
stage are in a position to obtain experimental proof’s,find 
methods of discovery and develop insight into the nature of 
proof. They acouire operational ahilitiesf towards the end 
of this stage) which make possible the undertaking of first 
class constructive activities in the development of 
scientific and mathematical knowledge. 

Lastly, the process does not stop herp. It continues 
still further, 'in eouilihriun at a much higher levpl is 
obtained (say in case of a mature scientist ) which has a 
link with its predecessor stage. The scale thus tends 
to be open-ended for the simple reason that the human mind, 
according to Viaget, goes on creating exciting novelties over 
the years(56). 
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The Elucidation of Stages. Let us now refer to the 
formal period which begins at about li years, reaches 
equilibrium at about fifteen years and finally leads on to 
adult logic. In this period, they learn to handle increasing 
-ly more and more complex logical operations which belong 
to the calculus of operations. They have the potentiality 
to perform all those logical operations which are employed 
by the research scientists, mathematicians, philosophers, 
historians and even literary critics in their works. 

To concretize, the adolescent pupils develop the ability 
to reason by hypotheses based din a logic of all possible 
combinations, they can deduce their implications,test 
and verify them. They do not criticize data but appear 
to accept the hypothetical data even though it may he 
wrong! suppose the donkey bras two horns! ) Their thinking 
is no longer tied to the real!concrete)situation. They 
imagine and consider all sorts of hypotheses and possibilities 
Reality which dominated thinking at the concrete stagp is 
now subordinated to possibility at thp formal stage. 

Further, they test their hypotheses by setting up control 
experiments and even they go to the extent of finding 
empirical and mathematical proofs for their observations. 

One sees at this stage, the emergency of systematic 
approach where there was earlier, largely, speaking, 
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a cognitive random behaviour. This is so because at this 
stage, they seriously look into contradictions,and flaws 
in reasoning and successfully tackle the whole problematic 
situation by considering even its basic premises,if Judged 
necessary. The reason for this is that 1 there is a new means 
of generalization and differentiation especially applicable 
to the eventual integration hitherto f^integrated and 
undifferentiated structured whole 1 . Assimilation and 
accommodation obtain a comparatively higher eouilibrium 
in this period by' integrating into unconscious and 
spontaneously carried out processes of human fuctioning(69). 

The construction of propositions is not the only 
distinguishing characteristic of this period. New operational 
schemata (apparently unrelated to each othpr at the beginning) 
appear at about n + , These operational schemata arp; 
Combinatorial operations in general (combination, 
permutations, aggregations)? proportion( large number 
of different kinds of experiments dealing with motion, 
geometrical relations, probabilities as a function of 
the law of large numbers, and weight and distance 
relationships on the two arms of a balance)? mechanical 
eouilibrium and others relating to probabilities, 
correlations and multiplicative compensations, According 
to I’iaget, the gains of this formal period ares 

.. This fourth period therefore includes two 
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important acquisitions. Firstly, the logic of 
propositions* which is "both a forinal structure 
holding independently of content and a general 
structure coordinating the Various logical operations 
into a single system. Secondly a serips of operational 
schemata which have no apparent connection with 
each other nor with the logic of propositions. 

...Justifies the following conclusions the 
construction of propositional operations is 
accompanied hy a series of changes in the 
subject’s capacity to perform operations. The 
different schemata which he acquires are shown 
to imply not merely isolated propositional 
operations, hut the structured wbolps themselves 
(the lattice and the group INBC) which the 
propositional operations exemplify. The structured 
whole, considered as the form of equilibrium of the 
subject's operational behaviour, is therefore of 
f fundamental psychological importance, which is why 
the logical ( algebraic) analysis of such structures 
give the psychologist an indispensable instrument 
of explanation and prediction(7l). 

it is quite possible for the adolescent pupil to 
scover quite a few physical laws, for example, law of 
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inertia himself unaided. Why? Because earlier,the small 
child has 'touched, smelt, felt, dug, and climbed'. Now he 
is building up on this experience by 1 pouring, testing, 
and experimenting' with a view to find sense in the world 
around him through self discovery(52). This shows that at 
this stage, new thinking skills begin to appear for he 
is beginning to commit himself to possibilities rather than 
to realities. He does not now hesitate to invert reality 
and possibilities. He can separate himself from the problematic 
situation and thus have a look at the phenomenon at a distance. 
To illustrate the above mentioned example on the law of 
inertia, he rolls balls of different sizes on a smooth 
surface. He finds that, whatever may be the smoothness of the 
surface, each ball stops after somp time or over a certain 
distance. His reason now will not be the force applied to 
the hall hut actually the resistance offered by the surface 
over which the hall rolls. It is a new variable for the 
nature of the surface is a factor which is outside the 
following variable, namely,(i) the force with which the 
ball is thrown, (ii) the size of the ball and(iii) the 
nature of the ball. This is not true only for the law of 
inertia. Other physical principles and laws not yet taught 
at school can also be discovered by the adolescent pupils of 
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average intelligence, some examples being the lavs of reflection, 
Archimedes 1 principle, real depth divided by apparent depth 
eoualing refractive index, lav of lever and f x D= 100 when 
focal length is expressed in cms. and p in dioptres(70,7?). 

The can deduce the conseouences of their tentative 
statements, or trial ideas for testing and verification. 

There is a distinct difference between the concrete 
and the formal stage. At the former stage, all intellectual 
efforts expanded and intensified on a horizontal plane. 

Thinking was tied to the concrete situation and was verified 
or even tested within the context of the experimental 
situation. But, at adolescence, thinking goes beyond the 
immediate present and attempts are made by the adolescent 
pupils to establish as many vertical relationships as 
possible. Notions, ideas and concepts are formed which 
belong to the past, present and future. All sorts of 
hypotheses and possibilities are considered and their 
implications deduced and tested for relevance nr irrelevance. 
Minute details are not at all ignored. At about the end 
°f this period, the adolescent pupils manifest maturity of 
cognitive thought for they can use symbols in tbeir 
operational thinking. In short, they think by applying 
symbols of thinking or to put in other words, they develop 
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concepts of concepts, a sort of second and third order 
reflection. Vihile rolling halls on an inclined plane, 

B. Inhelder noticed a progressive change in their attitudes 
toward the problem solving task which became gradually 
objective with age. To illustrate, five to seven year olds 
failed to record the experiments, to reproduce them 
and to manifest the objective attitude. They wore, in fact, 
overwhelmed by the situation for they were only interested 
that they could do to set the balls in motion. Seven to 
el event year olds comparatively showed a more objective 
attitude for they made measurements and comparisons. 

Even then, they failed to discover the underlying principle. 
But for the adolescent pupils, the very problematic 
situation itself provoked them to think and' attempt 
at deduction and verification of hypotheses', 
it challenged them to interpret facts and thereby 
interpretations themselves became an integral part of 
the intellectual reconstruction. Fere, E.M.Churchill 
then ouetes Isaac Nathan who has explored at depth 
the educational implications of Piaget's theory? 

There are certain basic concepts which pervade and 
largely control the whole structure of our ordinary 
adult thought. Chief among these are the notions of 
spnrch nnu time, reality and all causation; number, 
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order, measure, shape and size? motion, speed, force 
and energy and the ideas of the fundamental logical 
relations, like those of whole and part, classes, 
class-hierarchies and theiT members, and implication. 
Most of us, of course, would not he able, and would 
not feel Called upon to try to formulate these 
concepts in strict intellectual terms, "Rut they 
function in all of us, and function in a highly 
organized and structured way and it is they that 
provide the coherent framework of our normal thought 
world through which we order all the succession 
of impressions, happenings and experiences which flow 
in upon us. 

Children pick up most of these d'ords, or words 
connected with them, auite soon and learn to use 
them in the right situation. This leads to assume, 
very naturally, that they have the cor^espending 
ideas, at least, in a simple and elementary form. 

But, here according to Piaget's findings, we are in 
the main auite wrong. 

Thus wo end up with a tremendous contrast,above 
all in the early ypars of the child, between the 
onward show of his use of language and the inward 
reality of the actual level of organization and 
cohersion of his thought. The basis organizing 
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concepts are to fill appearance not there yet, and 
« 

thus have not yet done their 'work* Hence, beneath 
the surface, the world of flux to which all Piaget's 
experiments with children of four to six so eleauently 
testify. Towards seven to eight, as we have seen, 
the contrast lessons; the organizing concepts are star 
ing to take shape and their work begins to show, let 
it is only at eleven to fourteen that, in the average 
child, the contrast really disappears. The inward 
psychological reality joins up with the facade ar/ 
Piaget's soundings bring out everywhere, just the 
same kind of responses as any of us adults might 
give. The child now lives in the same functional 
thought world as we do(74). 

Nathan Isaac then asks; in the light of the above, 
what is the real status of the so-called progressive eduction 
from the nursery education upwards? Can teacher intervene 
effectively when intellectual development is an inward afff,i.r v 
Does it mean that the progressive should emphasize and 
concentrate on the social, aesthetic or tpe dramatic 
aspect of the child' s personality? Piaget. admits that 
these conditions of communal life are quite Conducive to 
the intrllrc'-ual ’cvelopment. These disturbipp auctions 
^erfcrce rrisr if w<? accept Piaget's findings in toto* 

J+ iif facts, on the other side, are also tod real 
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anfl massive and can’t be ignored altogether. K 
necessity therefore arises, to correct or supplpment these 
facts in a comprehensive psychological frame of reference, 
which may give us rich educational harvesti To quote Hyde: 

Therp is scope for all, the clinician can study the 
abnormal functioning of the structure, the education¬ 
ist the effects of training on its growth, the 
sociologist, the effects of environment and others, 
modifications due to individual differences. The 
body of knowledge tfnout children that may eventually 
result from his work, directly or indirectly is 
incalculabte(75). 

3. Accelerated Learning. 

It is characteristic of our tfemes that as soon as 
we understand a process we ask ourselves the question 
whether we can accelerate that process or not. Wo do not 
have a definite answer to this Question. However, leb us 
consider here the views of some well known psychologists. 

(a) Vygotsky’s View. Piaget leaves us wondering about 
the educational implications of his work, Vygotsky goes 
a step further by saying somewhat as follows. 
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\ccording to him, 1 instruction precedes development' 
(76). He, therefore, analyses intellectual development as a 
function of instruction explicitly. For him, concepts do not 
exist in isolation like f peas in a hag 1 . Each concept is a 
1 measure of generality' and they interact with each other. 
Each concert fits in a certain hierarchy where higher concepts 
throw light on lower concepts, for example, algebraic 
concepts throw light on arithmetic concepts. Further,he 
distinguishes between two types of concepts, namply,everyday 
concepts! spontaneous concepts ) and scientific concepts 
(non-spontaneous). They develop in opposite directions hut it 
is the instruction which is the main source of child's 
ideas; which corrects, informs and develops his knowledge. 
Instruction is not something external hut is seen 
to he integrated closely with development. So planned 
instruction can accelerate mental development!cognitive 
functions)top should then aim at the 1 ripening of such 
functions'. Piaget and Vygrtsky alonp with the concert of 
1 productive thought’ thrown in from Gestalt psychology 
it appears, present an integrated viewpoint to the teachprs 
for teaching science effectively! 70). 

(h) ZJP. Diene's View. His work is on the concepts 
nf abstraction and generalization but with this limitation 
that he h?s studied the attainment of specific mathematical 
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concepts in depth. He then in his work distinguishes between 
the constructive thinker and the analytic thinkar. The 
former takes an overall view of the goal, works intuitively 
Ewarts it* does not concern himself with the details in 
the beginning hut may attend to them latnr on. -Such 
children, according to him, manifest constructive thought 
qnd are at the concrete stage of their mental development. 

On the other hand, the analytic thinker progresses 
towards the gnal( which is undefined in the beginning) 
consciously step by step as demanded hy the 1 logical 
reouirements within the system 1 . Children at the formal 
stage of development exhibit analytic thinking. The ptnergonce 
of the analytic thought becomes highly probable when 
constructive thought has already been well developed. There 
maybe certain cases when po^r constructive thinkers may 
manifest analytic thinking. In that case, one can 
be pretty sure that they have manifested ' shadow actions 
without any logical significance' in the absence of any 
(developed) insight into the logical socuence of various 
events. Fe then empbasizps that majority of children need 
I? lot of constructive activities hefofo we can expect 
hbeffi to develop analytic understanding. Fe has investigatpd 
1 9 tid illustrated his ideas with the help of his specially r-* 
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eonstructpd (for the rurpose) multihasp arithmetic hasp P nd 
algebraic experiences material. J« has then formulated four 
principles of conceptual learning, these being the dynamic 
principles, the perceptual variability principle, the 
mathematical variability principle anB the constructivity 
principle. 0u r gains will be immense if we classify the whole 
science syllabus C also true of some other school subjects)at 
these four levels in the form of learning situations to he 
gradually presented at various age levels. Accelerated 
scientific and mathematical thinking may then result(77). 

(c) Advances in knowledge take place when assumptions 
underlying thought processes ( as understood) are ou^stioned. 
For example, J.S.Bruner, Benjamin Bloom and J.McV, Funt Believe 

That an individual's achievement in life demands 

j 

very largely on what he has been helped to learn 
before the age of four, for that is>when, human , ■ 
intelligence gpows most rapidly and thp roots of 
intellectual curiosity are laid, They also believe 
that millions of children are being irreparably . 
damaged because they do not learn enough during this 
criMnl ’"Tied. Thr result of an unplanned intelle¬ 
ctual died in the early years— for middle class 
’biMr.'u— may b e a loss of brilliance, a blunted 
end l °s, ..ntore.nbinp life, 0**11 ar contribution to 
oc~'t 7 . r ut for the children of poverty, the 
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consequence is nearly always disaster- a preordained 
failure in school and adult life(78), 


Convinced hy the above statement, two psychologists 

I 

(they appear to he mad) Bereiter and Engelmann at the Institute 
for Research on Exceptional Children of the University of 
Illinois in Upbana are 1 operating an intellectual pressure 
cooker 1 * Ihey have rejected the usual philosophy considered 
progressive in the play-briented nursery schools. On the 
other hand, they 1 concentrate fiercely on a few areas and 

1 

drill the children like Marines for two hours a day'. Consider 
their approach in a mathematics lesson with four pupils, 
two hoys and two girls t 

It is time to think about,, .workl he began 
fairly shouting. Are you ready fqr thugh 

* 1 “ i 1 1 ^ " t i - 

stuff? On the blackboard, he wrote 8+3 = ? 

« <" 

• , r - , 

Immediately the children'started to roar, 

* .Eight plus zero equals rei-ght, eight plus one 
eauals nine, eight plus two eauals ; ten, eight 
plus, three -eauals eleven and the sums like , - 
l 5 ,+ a .= .18 and-, 7- b-,= .2.,It looks like algebra- 
■ <’• for the four-year-olds(78). ■ (1 ., * . ,. 


v ery soon, these disadvantaged four-year-olds are 
LG to 'unpack 1 or extract meanings from the statements. They 


t> 
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c?n speak in sentences. The students get an experience of 
success because the educational prograjimeCin a very narrow 
sense) is geared to their capacities an-’ capabilities. Teachers 
have faith and confidence in thpir children and,in turn, 
children have faith and confidence in tbeir teachers and these 
arise in the very process of work from deer involvement and 
commitment in a common task. Regarding this project, J.Mc^. 

Hunt says^ 

phere is evidence of more changes in Waiter's 
school than in any other I have seen, then he 
set up his class last year, the children tested 
'under-age-three 1 on the Illinois Test of Psycho- 
linguistic ibilities. They did not talk to each 
other at all except in sinple words and grunts. In 
each of two-three-month periods of this school, 
they gained about one year of psycbolinpuistic 
ability on the tests (78). 

(d) In England, ball has drawn pointedly the attention 

of the teachers to' distinguish between the logical structure 
of a subject, process nr tecbnioue, and the psychological 
mode in which it is taught’. If a teacher presents a notion, 

*tio j o* vchniouc r 0 ncrei,ely and is found of interest 
"'i' 1 iT-’-ri-t^ value hv 'he child, it is ouite possible for the 
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chil'i to acquire it at an earlier age than hitherto considered 
than 1 if it is unrelated to his interests and presented in 
a symbolic, abstract or generalized way*(79). The reason 
for this is that even content remaining more or less the 
same, the psychological processes involved different(7g). 

Hyram has pointed out that childrens school work 
improved when they were trained in logical operations(80). 

Morf has also found that children were induced to learn 
‘certain operations of ClaSs inclusions by emplying a method 
involving direct training on the Derations of' logical 
multiplication 1 (8l). But investigations of Ibvell and Ogilvie 
and Dowedell do not favour the acceleration of concept 
formation when training in logical operations is given to the 
students(8l). Vie can, however, safely conclude that a vpry 
potential and fruitful area of research awaits invasion by 
the educational psychologists,and teachers in particular*. 

(e) J.G.Wallace in his recent book on Stages and 

Transition in conceftual Development, has also referred at 
depth to the problems underlying such studies, the problems 
being philosophical, psychological and technical85).There 
are problems for the practitioners as well when not only 
sub-normal hut also normal pupils fail to form Schemata which 
they ought to have in their normal course of development, Bbr 




example* Elkina found that about 53 par cent of the American 
Adolescents in the age group 12-18 year olds failed to conserve 
volume(83). Hence* there is a scope for improvement here 
because, when left to themselves, they cannot perform this job 
themselves efficiently. " The end in view is, then, the 
production of adults possessing a comprehensive range of 
cognitive tools, as Slavell and Vohlwil] have put it 1 not at 
first but at last, not the fastest hut with the mostest’C84). 

In such studies, what would be our gains for children? 

According to Vholwill, these may he 1 in a particular response 
a group of particular responses, a more general notion' 
similar to operation as defined hy TiagetC84). Secondly, is th:' 
process entirely new in contrast to the process normally 
developing one? Examining the problem from varied view 
points, J,G.Wallace summarizes the situations as follows 8 - 

.. a definitive answer to the ouostion of the 
nature of thr relationship between the processes ~ 
evoked by training seournces and those which figure 
in 'normal 1 development is utill a considerable way 
off. Taken in conjunction with the only slightly 
more clear evidence on the ouestinn of thp 
authenticity ^f the changes in performance produced 
by training, this assessment supports the 
conclusion that the case against the educational 
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utility of acceleration studies remains to be 
proved. In the interim, their potential practical 
contribution in the search for methods sufficient 
to produce the attainment of particular landmarks 
in cognitive development appeals to make the 
continuation of acceleration studies worthwhile. 

The balance of the evidence suggests that future 
studies should conform to certain guidelines if they 
are to make the maximum contribution possible on 
both the empirical and theoretical planes. The 
acceleration treatments used should be based on 
task or process analyses at the level of detail 
exemplified ibn the work of Gagne '(196R) or Klahr 
& Wallace (l970). They should, also include an 
extended series of relevant learning experiences 
involving the use of a wide variety of materials 
and presented in a sufficiently non-directive 
fashion to allow children to employ their own 
preferred modes of mediation.... 

It would be a rash reviewer who would suggest 
that solutions to these problems lie just round the 
corner. The road to the cognitive researcher’s 1 hell 
is paved with such optimistic prognoses. Sufficient 
be it to say that the present tendency to tackle 
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complex issues with complex instruments is sufficiei 
tly encouraging to tempt the writer to conclude 
with the assertion that in 1971 the outlook for 
research on conceptualization and in the wider area 
of cognitive development appears to he considerably 
brighter than in 1963(185). 

Lastly ,it may be mentioned that research in this 
area is just coming up. It is, therefore, not possible to 
answer the question whether accelerated thinking can result 
or not. Over generelizafrjon in this area may be auite 
dangerous. But it appears that accelerated thinking under 
certain conditions and within certain elastic limits is 
possible. It is not impossible to teach atomic and set 
theories in the primary school'¥y the now enthusiasts. 

But they are mistaken if th°y think th*>t change of content 
or rj-vngrpding of content in itself is a complete reform, 
Substantial and complete reforms result only when relevant 
material drawn from the significant areas of human living 
as the subject of study Itself is used to develop and 
improve thinking through imaginative approaches. Fere, 
well- structured experiences need to be designed,imparted 
and then evaluated. 


Problem at the focus of attention, reasonable freed 
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in eluding flexible time-tabling and permissive and responsive 
environment go a long Way in imparting inquiry skills t,o the 
pupils. Under these conditions* children accept the teacher's 
word after full consideration of the relevant data including 
the necessary experimentation. In this triple process of 
concept formation, concept attainment and problem solving, 
incomplete hypotheses expand to complete hypotheses by 
appropriate rectifications where one strategy, if it does not 
work, leads to another strategy. Children then take into 
consideration the significant aspectC el aments) of the problem. 
During attack on the problem, they develop their own insights 
and gather and develop new information, knowledge and skills. 
The consequent knowledge obtained through self-involvement 
in the problematic situation is not only meaningful but also 
very stable in character. It is no wonder then that cognitive 
structures are modified materially and are available for 
subsequent use. This availability is not as direct as one may 
get the impression because our environment under natural(or 
even otherwise) conditions creates expectances and violates 
them off and on$ and this exerts an educative influence. This 
is a more difficult job for the teacher to accomplish in 
comparison to the teaching of the few isolated junks of 
advanced knowledge in the school syVJabus. The teacher's 
difficulties increase manifold if he looks to the enucptional 
psychologists for help and guidance. This is, atleast, 
true in this country(l7)» 


• • • 
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1 , Status of Research? 

About sixteen years ago, D.Wheeler said,” It is 
strange that at a time when there has been a rapidly increas¬ 
ing need to select and educate those who are specially 
suited for training in scientific work, the psychological 
study of the processes underlying scientific reasoning has 
been so widely neglected"(86), About Pleven years ago, it 
was alleged that research in American Science education 
is inadeouate for it suffers from limited imagination, 
evaluating outgoing practice instead of ' functioning 
as hedcon and too many no significant differences studies’ 
making suspect both the tools or the hypotheses under study 
(87). The same tradition appears to continue when Wayne 
b.Welch, while reviewing research in science education at 
the secondary level for the biennium 1968-69, says: 

...It is a distillation and characterisation of 
the research efforts of science educators. Specific 
references have been pointed out in the various 
sections and several documents have been uspd to 
illustrate thd noints. Much of the work appears 
fragmented and uninspiring. Perhaps this is due 
to the fact that motivation for most of the work 
is completing some external retirement, a thesis 
or funding report, rather than generating knowledge 
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abduifettbe educational process. This hypothesis is 
supported in some sense hy th* rUality of work that 
appears in a few places that have on going research 
projects associated with thara. Thpr® is hope for 
educational research only when experienced researchers 
are able to devote the majority of thpir time to 
seeking the answers to important Questions. At present, 
we are far from that goal(88). 

At home, the situation in regard to Research in Sc-jenc® 
Education is ouite oppressing because Research Career in 
Science Education is the least rewarding, in fact, it is a 
research desert characterized by the lack, of personnel, 
problems and publicity. It is recently that, thp Optional 
Council of Educational Research and Trainijjr and th° All 
India Science Teachers Association have done a Mt in this 
direction. In a very recent publication on a Survey of 
Research in Education, D.E.Desai and Sunirmnl Roy deplore 
thr duality and Quantity of researches conducted in the area 
of curriculum, methods and textbooks for 1 most of them 
have centered round the surface problems, and that too, 
covering the middle and secondary school stages only’(89), 

Out of ten studies rerorted four are in science, fiv° 3n 
mathematics and one in Home Science. Th^y th«n add; 


Research in curriculum and instruction deserves 
more attention than it has received so far. Even 
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in the advanced countries of the world, it is 
criticized as being inadeauate, out moded pud not 
properly designed to meet the n^eds of modern 
society* Against the background of* striking 
curricular developments in those countries, the 
jUiho*l curriculum in, Indi* zs n^wyruly -conceived 
largely out of date. 

The studies on teachinr methods hardly made 
any signifi-eant Most of th°m compared 

some sort of practical biased approach of instruction 
with tbs traditional' chalk and talk 1 method and 
branded the former as progressive or effective 
without coring to go a bit deep into the fact as 
to why, in what way or how it was so. In a word, 
no approach was made towards a consistent thpory of 
teaching. Another most significant fact about these 
studies under review was that nuite a large 
number of them was not grounded on sound methodology. 
The limited scope of their sampling restricted,to a 
great extent the validity of their generalisations^), 

On reflection, these critical remarks apply to the 
frame 0 f reference rtther than to individual studies which 
when seen cumulatively do strike a note of optimism. This 
view point is confined by the studies summarized below^Od). 
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2, Varied Studies Surveyed 


61 Stanley H*U studied tb? «mtents of Children’s 
minds and thereby emphasized the importance of primary or 
first hand experience rattier then bookish kno^l^dp** P° 
further stated ? well known educational principlekiv>vn -to 
* £f^€w£f- wW-eh * t ' n wo at sottrnw* in * 

^faRty-ate tbo earliest pccuired, less freouent ones tme 
l«ter,ii#>^>ne $hild h.Hi all the misconceptions r?«©r***, Mge 
is fro: from th m»... Th n fact that cbildr eft see objects 
a hundred times without acruirinr consciousness of them 
5 ¥pet t th*fc we n'---d to converse with children about 
loemon tbiaps^fil). Keen studied children's reasoninp end 
found that children under study has ’ w r& urpp try Pw p lJp?jt 

- ti#^ r > are sure tfi develop ill^i-eel 

*r 

concepts if teacher does not take sufficient carp while 

intjjodi^ing new experiences to th n ij}(?i^, Deutsche, examined 

the nature.end dpvelo^mfnt o f sonin?- g-rhas 0 , 

?f chUdr r nJg thinkinr in- the context of the- fe n ~va School 

¥ 

with tbs^id of the problems with anf vdtb©ut« oxr r X33pAtg, 

i? # i^fr*4s£ growth, as supredtod by Piapet., Secondly, .sbg, 
not.fjlnd tbt detailed clessifj option ©f rens^ia^iii^ 
fivvsntepn^typt-s useful as found by Piapet. Thirdly, scbfol 
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ejtferlenfie explained specific responses to th a specific 
oiiestioi* vhich she augrested bad diract and indirect 
Implications for teAchiiig #nd training dMidmn(Pl) ( 

O'jticf* oualitatively children's explanations 

of nathth*! phenomena and tfoncjuded that all age groups 
raggrdtefg fit fcrntgj ability and grade gave all tvpag of 
answers. Further, adult groups did not follow any definite 
procedure while explaining unfamiliar phenomena. Thirdly, 
he did not find a definite stop? in children?s thinking 
characteristic of a given age(92). F* thus confirmed the 
Earlier findings of Deutsche? Keen Fazlitt, Johnson and 
Josey? Susan Is sac and Hpunp, who had found that both 
American end Chinese children 'pav« naturalistic factual 
and logical explanations of phenomena 1 ^ 3). ir .F.Kinp, while 
exploring the development of scientific concepts of children 
(N s 1235 between 5 to 12 years) wit 1 ** the ni' 1 of seventy 
ruestions suitably classified into five Caterer!~s: ’length, 
weight, time,, direction; volume and weight; mainly mechanical 
principles, lever , wheels, living things; seasons and 
shadow concluded; 

(?) Children at all ages gave all snrts of r^sronses. 

(h) Like Opkes, no stages in causal reasoning as 

t - 

propounded by Fiagvt vrr? noticed. Response arrearod 

i 

to be, largely speaking, the function of Question 
rather than scl^ly the function of age. 
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(c) Some children showed difficulty in verbalizing 
their concepts which in fact they had understood 
as earlier reported by D.H. Russell. He then added* 

Eerhaps, there is a need about fight or nine years 
of age for the "harnessing of'this expedience so 
that knowledge can be obtained by other, though 
not necessarily more formal, means. These experiments 
have shown that children of primary school age have 
accumulated a knowledge of scientific facts and that 
this knowledge increases with age in some cases very 
steadily. Some of the answers had to be obtained by 
reasoning on the basis of past experience and these 
also showed steady increase with age upto 8 or 9 
years. Beyond that, a priori reasoning was not 
sufficient & adult guidance and explanation seemed 

«,>■*, * k ■» - f r « ** “ 

essential, at least, in concepts relating to 

ii * w * ,, * 

estimation of length, direction, weight and volume(94)» 

1 * ’ ’ r 

H 'jiks studied the development o f children's thought 
(ll + to 13 + ) with the help of demonstration experiments 

i , ii * 

‘ , 1 

which illustrated certain scientific principles. The 
subjects were low 1.0* pupils studying in a secondary 

l , 1 . ' 

Moderfl School in Ungland. His main aim was to find out 
the relationship, if any, between the kind of answer given 
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and the age and I.Q* of the individual pupil. Deutsche's 
cifissification( materialistic and non-materi»listic) was 

used. His results showed that these children can explain 
experiments which are performed before them intelligently. Second 
-ly," age and science teaching had a greater effect on the 
ability to draw conclusions than did I.o. but those with 
high I.Q* did better in the number of explanations in the 
hl'tor *»*tegoriea44?5). Using euto-instruction«l device, 

Keisler and McNeil found that contrary to the view of Piaget, 
six and seven year old children can give acceptable scientific 
explanations for physical events. They can not only leam 
abstract principles but also with some practice*, would nrobably 

i 

show 1 more facile expression and more accurate use of 
scientific language in the solution »f new problem s' (96). 

Navarra investigated the conceptual development of his 
own son (very young and above average in innate ability) 
over a period of two years. This study is rich in detail 
and the observations are first hand. Moreover the 
observations, were bahed upon informal conversations. The 
most important findings of his study warn: 

(a) . The development is gradual and its most 

interesting and characteristic feature is the Urn? 
period necessary for integration during which the child 
gathers together and inter-prets for himself the experience 
encountered in highly diverse situations, e.g., seeing 
water in its different forms and distinguishing it from 
steam or distinguishing steam from sroke. 




(b) In this development, there appeared the evidence of 

1 gradual differentiation and development of expectancies, 
testing ideas, analysing experience, finding positive and 
negative instances and maintenance of an inouiring attitude 1 
etc. Even the earlier insignificant details and concerns were 
seen to have initiated growth later on or constituted a pro¬ 
gression of events in the total frame of referenced). The 
study, hnwser-, lacked jcompnrison with the findings of 
Piaget, 


In an observational and analytical study on thought 
processes of school children and college students, ^usw^ll 
found 1 variety rather than similarity in the seauence of 
thinking 1 5 and failure to solve the problem attracts all sorts 
of hypotheses. Benjamin Burrack concluded that even under¬ 
graduate students failed to distinguish among different methods 
of attack on problems involving induction, deduction and 
geometrical analysis. On puzzle type situations, Feidbreder 
found that reactions and s-ensitivity to problems increased with 
age; a gradual change with age from a more subjective attitude 
to a more objective attitude and characteristic and individual 
reactions to the problems apart from the fact that the'general 
pattern of the solution became more general or definite but 
new rigidity set as the age increased 1 ^). Mumford found that 
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training exp-erience and practice influence thinking only 

if it is regarded as a mental skill based upon innate 

capacity. She suggested that educative experience is a 

vital experience in the life of an individual and needs 

* 

to be handled with great care to as to develop self 
confidence and persistence in the face of- disappointments 
and threats of failure during problem solving'(99). Bloom 
and Broader showed that the successful problem solvers 
differed from the unsuccessful ones in respect of the 
following variables*. ' ability to use rather than the 
possession of the total fund of information; extent 
of thought brought forward on a problem and attitude 
towards reasoning, confidence in the problpm and the 
introduction of extraneous considerations into the 
problem situations'^ 100), Employing the combined use of 
experimental statistical and introspective procedures 
Wheeler concluded that children possess logical reasoning 
at much earlier age than hitherto assumed by teachers; 
and 1 most of the elementary schemata necessarily for 
Valid reasoning are already within the capacity r of the 
seven year old children(86), Here, one should not dismiss 
straight away the very dependence of young children on 
first hand experience. 

In aUn ther experimental study of experimental problem 
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i 


solving by Durkin which resembled Heidbreder and Mumford's 
w ork, it was aimed to examine the effect of the nature 
of the problem solving process end the appropriateness 
of the concepts used to describe the behaviour involved'. 
Subjects were asked to talk aloud as they proceeded ahead 
with a well organized series of two dimensional puzzle 
situations. The problem solving behaviour evoked by these 
puzzles c*uld be photographed. At the end of the 
experiment, each subject was asked to retrace his whole 
situation from the beginning to the end. Any point of 
interest was discussed. The main findings of this study 
indicated! 

i) Problem solving behaviour in human adults is 
never at random inspite of the fact that they 
may not see the relevance of their moves as 
judged by the goal to be attained. 

ii) Three types of solutions were distinguished, 
namely, trial and error, sudden reorganization 
and gradual analysis which could be termed as 
three distinct forms of thinking. Certain 
transitional cases showed that such distinction 
was difficult to maintain showing thereby the 
existence of continuum. 


I 1 I’l . 
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Observation, recall, seeing relations, attention 

to goal, manipulation and infernnce were the 

processes present in all the three forms of thinkinp(lOl). 

In conclusion, it is not known at what age formal reason¬ 
ing begins. This age is found to he ouite variable due to 
♦ulturnl differences and individual differences within the 
safte culture. The most important ouestion still left 
unexamined, is thisi, whether each individual passes through 
these stages in succession ?s enunciated by Piaget and 
Inhelder or he is able to pick up thp higher stage without 
having developed in him the preceding stage, In other words, 
this means: Is skipping stages in individual development 
possible? If this is found to he so, we havp yet to know the 
relationship between the size of the jump and the various 
conditions both within the individual and outside, that 
make such jumps possible. In a restricted sense, the area 
of concept formation is also actually full of problems; 
possession; and availability of concepts verbally (Smoke); 
Cptergorizinp end conceptualizing (J.S.Bruner, Goodnow 
k bistin) ; relationship between intelligence and types of 
i'iagetian concepts developed! Beard); Varied behaviour in 
structuring problems right from childhood to late adolescence 
Lkswell); lack of clarity and distinction among various methods 
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0 f clear formulation of the problem, preliminary survey 

of all aspects of the presented material, analysis into major 
variables, locating the crucial aspects of the problem, 
application of the past experience, varied trials, control 
elimination of the sources of error and visualization 
(Benjamin Durrack); distinction among different tyres of 
solutions; trial & error, sudden reorganization and gradual 
analysis (Durkin); role of general or specific experience 
of concept formation; & problem solving( Maier); and 
characteristic differences in successful an^ unsuccessful 
problem solvers. 

" Scientific thinking is largely a matter of pond think¬ 
ing habits, 11 says E.A. Peel(102). It is in the light of 
this definition that we will survey some more studies on 
problem solving in general as well as on science teaching 
relating to laboratory work, scientific inquiry and problem 
solving in science. All science teachers, largely speaking, 
try hard to develop good thinking habits among their pupils, 

(l) In 1925, Carpenter investigated the comparative 
effectiveness of laboratory and demonstration methods over 
1,000 subjects and concluded that 1 pupils equally succeed 
well if success is measured by instruments which measure 
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the same abilities as are measured by these tests, nr,‘.•inly 
ipecific Information and ability to think in terms nf 
chemistry"* In l958 » Br andwein, Elackwood an* kat-rn - 
the tests of Carpenter and commented that both the grains 
teuld succeed equally veil independent of the abovp J -’ 
methods on the basis of textbook knowledge alone(i03h 

(2) In 1928, Horton attempted to probe further ■ 
confirmed the above mentioned finding of Carpenter- I'm., 
experimental groups were givens Individual labor*jor; ; :li 
without direction, individual laboratory wrtk -with g, 4 , _■ 
direction, individual laboratory work with a m?,nU',i . “ 
direction and demonstration by the teacher. Fir. p'nc“ - ‘ 
was ’ no reliable results appear in the testin by tb ‘ 
ordinary written examination neither by the rc.en. l.’ ,v 
the school test"* With the laboratory tests(non v'/• .. 

he found the following differences in ability i o V. . 
and manipulate apparatus and to solve problems( o. v' 
projects) in the laboratory.. In 1958, Frinrs an* I T * r‘ 
confirmed Horton's fin*ings(l04). 

(3) Vtkin studied the role of accuracy of rc. s^nn':- 

type of response ( appeal to authority, use of i’*; - * .1 

appeal to experimental and original explanetio.i - 'c. 
formulating and suggesting tests for hypotheses 1 - 
KLementary School Science Learning Experience. FIs mr,i\ 
finding was that'pupils are more active, successful 
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»ey select and work on their problems"(105). 

f : ( 4 ) In an experimental study, Lahti ascertained the 
?|ffectiveness of laboratory in developing student ability to 
use the scientific method to evaluate f he effectiveness of 
the teaching methods and to design and construct laboratory 
experiments, and instruments. His evidence supported the 
following statement of Kruglak? 

Ihere is hardly a better method of teaching scientific 
method than the one which places th'' student in the 
same position as the research scientist, where he faces 
the same difficulties, commits the same mistakes, 
suffers the same accidents and explores the Same blind 
alleys(106). 

(5) Extending over a period of seven years, Kruglak 
bas investigated some behaviour objectives for laboratory 
instruction, experimental outcomes of laboratory instruction, 

1 1 4 

achievement of physics students with and without laboratory 

4 • < 

work, the measurement of laboratory achievement? the 

" * ** » 

effect of high school physics and college laboratory 

1 ' * •* 

instruction on achievement in college physics and evaluating 

laboratory work hy the use of objective tests etc. He 

* „ 

j *■ 1 * 

confirmed the findings of Carpenter and Horton(l06)» 
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Branflwein? Viatson and Blackwood have emphasized the importance 
of laboratory work in their studies. Children then to 

work carefully?accurately, predict from first principles 
pirl select, design, search and improve laboratory eauipment 
and technioues. At about the same timp, Brown also made a 
similar type of investigation but without using any statistical 
niceties and concluded that 1 students who bad physics 
laboratory work in high school were inept at naming or 
identifying the function of equipment which they were known 
to have handled in the high school'! 107). 

(6) Muthulingam also attempted to assess the scientific 
thinking ability, attainment in science, attitude toward' 
science and interest in the scientific field of ^oys and 
girls studying physical sciences in the fifth year of the 
secondary school in England and Ceylon and contribution 
of the factors in the schools, -=such as, the type of science 
course, the laboratory facilities and methods of teaching 
science, etc. " \ battery of tests was constructed to me* sure 
the various aspects of scientific thinking; definition, 
problematic situation, reasoning, application of principles 
and ability to analyse and observe etc. Regarding 
application of principles, he says, 11 Results of the su^-tpst 
on the application of principles in England seem to in 
favour of a method of teaching, emphasizing theory and 
reacted laboratory facilities. " He further adds, 

11 E'here is, however, evidence for bptter power of observation 




the provision of good laboratory facilities and practical 
jnetho'i of teaching(l08). 

(7) Gharren George Investigated the effect of open 
ended experiments on the achievement of certain objectives of 
science teaching. SixM.C»A.( Manufacturing Chemists 
Association) experiments and six comparable traditional 
laboratory exercises were chosen for the experimental and 
the control group. The M.C./l, experiments involved certain 
elements of the scientific method like sepkinr solution 
to the problem, to makp predictions and to set up apparatus 
and control experiments. Attempt was also made to test some 
attributes of critical thinking like ability to interpret 
data and to associate with the nature of proof etc. The 
study was carried over 268 students. His main conclusions 
indicated that open ended experiments like the M.C. 1 *, do 
succeed to develop scientific attitudes, skills and motivation. 
Secondly, both open and traditional exercises do result in 
significant learning. Thirdly, there is no conclusive evidence 
that a laboratory approach has led to improved criMf* 1 
thinking in chemistry (i09)» 

(8) Butt has studied thn degree to which children 
conceptualize from science experiences. He confronted 24 
pupils from the fourth, fifth and sixth grades with science 
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experiences in order to see concert development arisine out 
0 f this new experience. Pour otter oupstions w^re else 
examinedi relationship between concept development and 
chronological age, intelligence and attainment in science, 
Influence of a given concept in the development of a different 
concept and recognition of a given concept in a new situation 
or experience. The concepts under study related to displacement, 
inertia, action, reaction and depth pressure relationship. 

The experiments were done under three different conditions, 
namely experience phase, ouestion phase and a manipulation 
phase. The findings of this study do not support the popular 
assertion that meaningful concepts will definitely emerge 
when a child is provided with proper experience or environment 
and the free opportunity to experience certain p^rceptionsCVLO). 
In the opinion of this writer, it would have ^een tetter 
if Butt had considered the causes that contributed to this 
failure ty analysing their wrong responses and interpreting 
them. 


(9) Szekely attempted to investigate 'knowledge as the 
starting point of independent thinking', by presenting the 
same problem in three different forms. Different subjects 
were used for three forms of the samp problem. Consider 
the following problem. 
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Fig 

Showing Szekely's application problem 

(a) The candle is lighted and the subject has to 
explain why the level falls down. 

(h) The Same arrangement. The subject is asked 
what would happen if the candle ware lighted. 

(c) In this case, there is opportunity to find 
solution through fre« experimentatlon(111). 

3 zekely “believed and, therefore, hypothesized that 
knowledge can be investigated in its' function of an* result, 
starting point and medium of learning and thinking'. He found 
that knowledge fets reorganized in the process of thinkine 
which starts from the object of thought. Secondly, the three 
different forms of the situations or presentations of the same 
problem differ only in the extent of difficulty of restructur¬ 
ization which, in its turn, depends not only upon the piece ' 
of knowledge ( needed to solve the problem) but also upon 
the total situation. In addition, Szekply carried out ouite 
a few studies on productive processes in learning and 
thinkinr: and then posed the following problem to himself 
yot to be solved since it was posed about twenty five years 
ago* 

It is well known that different individuals 
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who have the same knowledge show great differences 
in the original application of this knowledge. Dops 
the applicability of the knowledge depend solely 
upon the differences in individual endowment or 
is it also dependent upon the method of learning 
and teaching? Is it possible to increase the productive 
applicability of tbn knowledge that is the capacity 
for creative thinking hy the improvement of the 
methods of learning? (ill). 

Two methods of learning were compared, namely, modern 
method and the traditional method * As learning materials, a 
few laws of m'Panics served which were to he applied to a 
relative different task, namely, the problem of two spheres,’ 

The main findings of this study indicated: 

») If judged by the frequency of successful solutions 

alone, the modern method is superior to the traditional 
f tfthod even when " endowment is taken into 
consideration.-" Tut Maltzman, Eisman an* "rooks 
(1956) have failed to duplicate this finding, A ccording 
to them," Either method, or a combination of the 
methods, produced more solutions than e oentrr] group 
with no training thpre were no significant 
differences among the three experimental groups'^ III) 
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tO Productive knowledge evoked in the process of problem 
solving and the verbal reproducibility of definitions 
are mutually exclusive of each other. This means that 
the rote memorization of definition or facts will not 
guarantee the solution of the problem!111). 

c) Improvement of the learning method improves compreh p ns- 
ion of the learning material which fosters independent 
productive thinking later on(iu). 

It is necessary to replicate this type of study by 
drawing concepts from the new curricular programmes developed 
in the wake of ^evolution in Science Teaching in relation to 
several outside variables over a very large sample, 

C10) In his investigation of the thought-processes 
of a group of fourteen year olds during the solution of a 
scientific problem, Kyle showed, " that abler pupils tend to 
progress by hind sight." " They tend to Jump to the end of 
certain phases and then to return to fill in the blanks... 

" i problem only becomes real for person when he has some 
rudimentary foresight of a tentative solution..." Fe further 
showed that ' a doing group went further towards a solution 
than a thinking group'. This is so because a d P i nP group 
Cf & rectify its mistakes in the process of experimentation! 11.2) 




-113- 

(11) At the higher age group, Whellnck pttpmptr^ to 
Inquire " into »o wf ^ sc i ent ific method is ftin** frnm 
Science Education." Hi s subjects w?r p sixth-^J™ r ' lrils 
and military college students. After partialli nP 0 ’ 1 ^ 
differences due to intelligence, he showed a significant 
relationship between the scores on method end attitude qp* 
scientific background(li 3 ). 

(12) Mealings investigated certain aspects problem 
solving in science principles amonp secondary school chii^ 
phove 100 in number varying in intelligence. ^°st of the 
problems were original ones ^ j, n f pC t seem to m*ot the 
requirements of complex human tasks as needed in such typ e 

of studies. The general aim of his investigation was to 
understand fr 0m first principles, the solving of scio n tifi c 
problems by the adolescent pupils in a normal school- setting 
ore specifically, his aims were to investigate thp 
relationship between the problem solving aMlityUt the ^ 
level) and the mental age and to consider the influence 
° f rerson al attributes on the problem solving ability, ^ 
differences were also considered. Two series of f 0Ur 
experiments in each were administered among two groups pf 
hildren in turn, 4 case study approach was eaploypd ^ ^ 
responses were recorded verbatim, then arranged ^ 
to see the course of thought on each problem. Th P ^ 
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of his study indicated that problem solving in science is 
more related to intelligence than to chronological age.C This 
is understandable). There appears to heaffllniro mental age 
of 13 years before a child can reason formally about a 
problem and there is a time lag between the empirical 
solution and the formal solution. Taking an overall picture, 
Mealings says we should not expect children to solve 
abstract and theoretical problems in science until they 
reach a mental age of 16 plus. It is also possible, at this 
stage, to undertake topics reauiring an understanding of 
matrical proportions, i»e. Boyle's Law, Ohm’s low and 
theoretical problems concerning moments and specific heat in 
physics and the laws of chemical combination in chemistry(ll4). 

(13)• Neal attempted to ascertain specific procedures 
that aid children in developing the ability to use methods of 
scientific inouiry in grades ( I to VI) in the laboratory 
school of Colorado. The author attempted to determine the 
elangits of problems solving to develop and select 
illustrative teaching techniques, which promote growth in 
the ability to use the methods of scientific inquiry, to 
judge the effectiveness of the various teaching techniques 
and lastly to observe and describe the kind of covert 
behaviour characterized as the method of scientific inouiry. 
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Xdentif yinf and stating problems, selecting pertinent and 
adequate data, formulating and evaluating by pothesas and 
seeing relation were the various methods of scientific 
inauiry selected* He then concluded that children not 
only developed scientific interest, confidence and responsi¬ 
bility hy the practice of scientific method hut were also 
capable of developing abilities in practising the above 
mentioned elements of the scientific method(ll5). 

Partly influenced hy activity and core patterns of 
curriculum( including basic notions of community school in 
the U.S.A., the U.S.S.R., and Phillipines) Willard J.Jacobson 
in a paper entitled * Science Education and the Development 
of Abilities to cope -with problematic Life Situations' 
developed a working frame of reference in which SHOULD 
rather than HOW questions receive first priority. Fis main 
assumption is that " Vp can and should help individuals and 
groups to develop the abilities to recognize and cope with 
problematic life situations of which they are a part". 

He then sought ’operational answers to the Question of how 
these abilities to cope with problematic situations, could 
he developed'. For the development of these abilities, be 

i 

suggested the following three phases* Use of proposals 
based upipn past experience dealing with the development 
of these abilities through science education; analysis of the 
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vhole act of adjusting with the life situation, and consideration 
of the s m in terms of judgements and values. He thus 
advocated the use of life situations for their conseouences 
c? n he seen and felt first hand which, the process ,will 
help adolescents master dilemma in their own characteristic 
vays. To quote Jacobsons 

New relationships are difficult to perceive, and a 
group may eventually reach a point at which they are 
stymied. In such situations, it may well b P fruitful 
to have a period of rest from the intesive examination 
of the problem. Aft or a period of time, they wil] 
necessarily view thp problem from a different point 
of vantage, and hence, new relationships may appeal. 

The mysterious period of ’ incubation 1 that has been 
suggested by Helmholtz and Poincare does have this 
realization. During the period of rest, somp of the 
extraneous material that was, oerhaps, blocking 
their view of the situation may h e forgotten. With 
the elimination of these elements, the discovery of a 
new key element, or the new view from a different 
vantage point as the result of a passapp of time, new 
and fruitful suggestions are more likely to appear(u6). 
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Cl4) In a practical piece nf research, viaghner has 
emphasized the importance of children's everyday experience in 
teaching abstract concepts in Physics. Researches nf N .13 .Weaver 
and B.N,Madden have advanced two -hnntions for success for 
problem solving, namely, the 1 presence of corresponding knowl^d- 
ge 1 and the » mastery of research operation'.^or example, 
the concept of weight involves weight for all ^odios, earth's 
pull and force. Open- ended questions were posed to the 
children. Every child could answer at least a part of the 

problem, dn interesting finding emerged that eighty ner cpnt 

» 

of the subjects wore of the firm opinion that 1 bodies which 
they had not measured had no w&ights 1 . Thus there is direct 
educational implication of the a^ove*. the definition(veight 
here ) should not he taught an* stressed too much in science 
teaching but on other hand, it should stem from their floating 
ideas (living practice ) when a given theme is introduced 
in the classroom (Goriachkin, 117). 

(l5) Stendler is of the opinion that supprior intelligence 
does not imply' superior performance both in linguistic and 
scientific fields". She emphasizes the importance of well- 
structured childhood experiences which facilitate learning 
later on. She explores the following hypothesis* "that certain 
hinds of childhood experiences structures an individual's 
perceptions of the physical world, that the percepts are stored 
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a s information cell assemblies in the dortex and that the 
neural reservoir facilities the learning of concents in the 
physical science." Then she discusses the nature of experiences 
that might contribute to the building of such a neural reservoir. 
She then suggests the use of teaching models that will help 
the elementary school pupils develop functional understanding 
and skills needed for the physical science^U8). 

( 16 )N.Vaiciya investigated problem solving in science 
among certain groups of adolescent pupils(l5 +). Tbp results 
of the study indicated that contrary to Piagpt's vIpw, the 
adolescent pupils do not hesitate to criticize data. Secondly, 
there is a general tendency among adolescent pupils to set up 
hypotheses which they test against tha given data. Thirdly, 
a poor problem solver appears to stick to one idea at a time 
stubbornly and, later on, ceases to think of alternative 
ideas. Conseouently, he gives up the problem in disgust. Mien 
problems were analysed for their mathematical structure through 
the technioUe of factor analysis, the following four factors 
appeared* Attainment, Practical, Interest and Adjustment. The 
outstanding conclusion of his study was that Troblem Solving 
Processes derived from different problems as well as 
analysed differentlyC using Guttman Scale) confirm and 
support Piaget in principle (119)* But, at the same time, it 
may be added that the study lacked hypotheses as well as 
suitable study popul«tion(N= 60? and N = 3l). 




-119- 


(l7) Vijaya Lakshmi investigated the thoupht processes 
of backward children(i2 +) with special reference to the 
Schemata of Combinatorial Grouping. She also examined continuit¬ 
ies and discontinuities in their thinkinp with the help of 
scaleogram of problem-solving processes. The coefficient of 
fluctuation Came out to be 49,.7, which was on the high side, 

But when the various responses or thoupht- proces'sps were anpropr 
-lately grouped, the coefficient of fluctuation camp out to 
he 5.6 per cent, that is, within acceptable limits. This 
showed that appropriately grouped processes of thoupht within 
? restricted* age-range constitute a Outtman ^cale(l20). Hsinp 
Piaget type tasks in arithmetic, K.k.Sayal, concluded that 
items relating to the algebraic spbols and the scheme of 
proportion are hardly mastered by the 11 year old children. 
Secondly, they are capable of showing more thinkinp than they are 
deemed to have as judged hy class teachers on th«ir achievement; 
in mathematics. Thirdly, the top group was influenced more hy 
the form rather than the content of the problems in comparison 
to the bottom group when attempt is made intentionally to 
invite wrong answers, a finding consistent with Piaget's ideas. 
Then he added * 

Through Questionnaire tecbnioua, it is not possible 
to find exactly the reasons for the errors incident¬ 
ally committed on th n problems, From indirect 
evidence, the reasons appeared to be the following! 
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poor mathematical v cahulary, failure to add, su^tr^et, 
multiply and divide exactly, underdevelopment nf the 
schema of proportion in particular, failure to general¬ 
ise their chinking to algebraic symbols an*,possibly, 
the use of more mechanical ways of thinkinp than 
intellegent understanding of the pro^lemCl?!). 


(18) Robert S.Tannenbaum used an entirely different 
approach, while developing the Test of Science Processes,namej y, 
Observing, Comparing, Classifying, buantifyinr, -yp^rimenting, 
Inferring and Predicting. This study is undone in Lha sense 
that very little is known about tbe emerge-rcy of tbese > 
processes at various age levels- When the test is Honked ac 
depth, it does not use problems involving •> continuous ch^in 
of reasoning, all of the test items being, of course,process 
based and of the multipJe choice variety, Moreover, the 
Various processes in relation to known teams useful for 
interpretation of the same processes lack factorial evidence. 
Still, the author at least appears to have achieved the main 


purpose of the instrument' 'Measurement of Progress towards 
Behavioural Objectives'(l2l). But it is not known ±n wnai 
order and at what ages the various processes are mastered ny 
pupil Sc In contrast to this study, R-M.Mi&ra, using Piageu 
type tasks, investigated tbe role of hypotheses formation 
in solving problems inhering n continuous chain n> reasoning 
among X grade science students. The main findings of his 
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study indicated* 

v 

a) 4 given problem is solved over a vide I.n.range. 

A lov I.Q. pupil may solve the problem successfully 
whereas a high I.p. pupil may fail on it. 

b) There is no significant difference between the top 
and the bottom group in regard to the average number 
of hypotheses set up. It is of interest to point out 
that the bottom group identified two other variables, 
namely, the tension and plasticity of the thread 
which were not suggested by any member of the 

top groups 

c) When the mathematical structure of the problems used 
'was analysed through factor analysis, the following 
five factors appeared* General Adjustment, Seeing the 
Problem as a whole; Foimuatinr Hypotheses; Interest 
in Generating Difficult Problems( whose answers they 
do not know, that is, posine such nuestinns on cow 
and cycle); and newness of the problem. 

d) There is 4 general tendency among adolescent pupils 
to set up all sorts of hypotheses Hit, at the same 
time, they have aw-fully failed to test the various 
hypotheses. The main findings here is that their 
minds have not become truly experimental 123). 

(l9) This finding receives support from a paper 

on Promoting Intellectual Development Through Science Teaching 

hy John V.Renner & Anton E.Lawson. Using two Piaget tasks 
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0 n the conservation of Volume and the Exclusion of Irrelevant 
Variables j they found that 1 out of the population from which 
physics students are drawn, not many are formal operational' 
a s shown in the table below* 

Tehle 2.1 

Showing the number of adolescent pupils grade-wise 
and sex-wise possessing ability to conserve 



volume 

as well 

as to exclude 

variahl es. 


S.No. Grade 

Population 


^onsarvation 
of volume. 

Exclusion 


XE 

1. 

N=99 

Male = 

45 

26 

23 


Female = 

54 

19 

14 


HI 

Male = 

50 

34 

20 


N^7 

Pena le = 

47 

8 

16 



lihen the same two problems vrre administered on 185 
college freshmen, only 133 and 77 could show successfully tbe 
conservation of volume and exclusion of variables behaviours. 
This shows that even the majority of College freshman have 
not moved deeply into the formal operational stage of thought 
(l24). In another informal study on 11 college freshmen, 

Sharon Pastian & others, usinr four Piaget adapted tasks 
(these were the pendulum, the inclined plane, angle of 
incidence and reflection and volume ) found that ' none of 
the eleven subjects performed on thp formal operational ]ovel ! . 
In other this meant that they found logical experiment¬ 

ation difficult. Secondly, there did not exist any significant 

A 

1 

a!i 
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correlfltion between scores on Piaget tasks and the other 
outside variables like standard achievement test scores; 
current grade point average scores* predicted erade averare 
scores; and bigb school percentiles. Thirdly, scores on Piaget 
type tasks were least influenced by sex, age, and major area 
of study, Why? The reason could be that approach to the 
courses which they had studied was least inquiry contred(l?^). 
John VcRenner & Anton E,Lawson remark ( in the contest of 
Science Curriculum Improvement Study Project under the 
guidance of Professor Robert Karplus)s 

Our research has shown us that the level of thought 
of junior high school students and college freshmen 
can be changed by providing them inouiry centred 
experiences in science, lie believe that the principal 
reason our research has shown an increase in the thought 
levels of students is because we accepted that most 
of them participating experiments were concrete 
operational* That souarely put upon us the responsibility 
for providing concrete experiences with the objects and 
ideas of the discipline. ThesF students wpre involved 
in actually creating some knowledge of their very own* 

We know that it was the first time soma of thorn 
had been given that opportunity. Wp hplievp that 
actual involvement with the materials and ideas of 
science and being allowed to find out something for 
thornselves accounts for movement toward and into 
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formal thought which ye found. 

. Th is teacher is not a tell P r, he is a director 

of learning. Traditional teaching methods emhrncG the 
notions that (a) teaching of telling, (h)momorization 
is learning, and (c) being able to repeat something 
on an examination is evidence of understanding,.thoi 
points are the antithesis of inquiry.The 
development of formal thought must became the focus 
of attention of every teacher in the country...Ine 
central role of the school must be to teach 
children with form not objects- in "rher words, to 
move-students into the stagp of formal operational 
thought. Science *as thr structure to pnhance 
greatly the achievement of this objective. We must 
no' Mow our chances to make a maximum eontrihiiUou 
to education in general and education in scieac* in 
particular! Let us establish pn enviornment in mir 
classrooms that encourages and promotes formal 
thought!124). 

It is a grand hypothesis which nepds to be testea 
under as many diverse conditions as feasible, in another 
interesting study, using the well known pendulum on a very 
wide age group 10-50 years, Kohlherg and filllgan reported 
that a 1 large percentage of the adolescent population un 
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fornial oerational', The results obtained by t^en were? 

Table 2.2 

Showing the percentage of adolescent population 
able to reason formally in various ape groups. 


fi.No. 

age group in years 

Percentage 


1. 

10,15 

45 


2. 

16-20 

53 


3. 

21-30 

65 


4. 

45-50 

57 



It appears that adolescents are not making full use 
of their ( talents and tools'* this percentage heinp ouite 
high even within the ape proup 16-20 years(l26). 


(20) W.F.irchenhold investigated the concept of 
'potential, electrostatic and gravitational, including 
related concepts such as work done and energy' as held ny 
a group of sixth formers in the age group 16-19 years in the 
north of England. Twenty five tasks were designed which teateu 
their understanding through a series of theoretical end 
practical situations in the above mentioned areas in physics. 
These pupils not only exhibited limited understanding but 
also misunderstandings which, in a way, reflected their 
difficulties in grasping these concepts at advanced level. 

then results were factor analysed, using Fotellinr method, 

\ 

a strong intellectual/ educational component appeared while 
'Verimax rotation isolated two factors containing tasks 
associated with potential and work done respectively(l27). 
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(2l) Robert Eugene Norton, attempted to assess 
Children's Ability to Solve Problems in Science developmental]y 
using A test( T*S.P. Tab Science Puzzler) on adolescent 
pupils studying in grades four to six. He investivated 
relationships between problem solving ability in ono hand 
and other variables like previous science knowledge; I.$u, 
age and reading ability*, and selected cognitive factors of 
intelligence. Main findings of this study .indicated: 

(l) Problem solving performance is related to previous 
knowledge, a finding consistent with Wellnck on a 
higher age group. 

(ii) Although the selected cognitive factors are not 
related to total problem solving performance, 
flexibility and speed of closure and reasoning 
are related to the problem- solving subtasks, 
problem orientation, problpm solution and data 
analysis. 

(iii) Based on the correlation between prob]am-solving 
performance and I.q., age and reading ability, no 
evidence was fourid to support a relationship 
between problem-solving, 1.8. and reading ability, 

(iv) Chronological age appears to he related to problem 

i 

solving in certain areas(l28). 
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(22) It is possible to see the same problem in a 
different context by making use of objective tests in which 
reliflfl c€ )?lfl ce d on the initial answers which ore then sub¬ 
jected to advanced statistical analysis, ([ lead in this 
direction has been given by STEP ( Sequential Teats of 
Educational Progress ) which needs mentioning for its 
objectives according to the publisher are to measure several 
skills! picking up the problem, sharp formulation of the 
problem hypothesizing, designing experiments, interpreting 
data (also conflicting), developing objective procedures, 
evaluating evidence critically, Using symbols and written 
materials, and their interpretations. Consider the following 
problem! 

Situation. You are the engineer directing a new dam 
project on a certain river. You have team of 
scientists, i.e. biologists, chemists, geolorists, 
froterologists, and physicists in assistance on the 
project. You have to locate the dam in the best 
position and arrange for the hydro-electric power 
and the irrigation of the surrounding district which 
is a semi-arid zone region. Thr- watpr level is 
to say 300 feet above the river. 

Subject matter area - Geology 

Ability - To identify and define a 

scientific problem. 
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On the fo 11 owing, the most important problem requirinr your 
attention would be: 

( a ) To find the point whore the river hanks come 
closest top other. 

(b) To find the point where the largest and deepest lake 
could be built up behind the dam. 

(c) To investigate the characteristics and structure nf 
the rocks underneath the river bed & alonr the hanks. 

(d) To determine the least amount of inhabited land that 
would be flooded! 129). 

Like line spectrum, children’s thinkinr is tested 
ability wise hut, at the samo timp, a specific surrestion 
of value has been made by Gupta in another study whon h^ says: 

It may he possible to conduct researches on 

t 

the mutual relationship of purely factual and 
tests 1 requiring the understanding and application, 
with both types based on identical subject matter. 

1 high correlation may moan that the tests of the 
latter variety should be preferred because of their 
desirable influence on teaching and learning habits, 
whereas a low correlation may mean the desirability 
nf both the types with suitable weigbtinrs. However 
caution may have to he exercised in generalizing any 
relationship discovered in small exr°riments because 
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there are other variables also, for instance, 
differences in the teaching practices noticeable in 
different schools, and so on, which may effect the 
result to an appreciable extent(l30). 

Inquiry Training 

It is necessary to refer to Inquiry approach in 
science teaching in passinp. J.J. Schwab has aptly remarked 
that the 'Problem now fpeine teacher of science is no 

V 

reblooming of a perennial' but it is a ' mutant,- new in so 
great a degree as to amount to a difference in kind'. He 
distinguished two aspects of scientific inouirias,namely, 
stable and fluid, the latter aspect relatinp to science in 
the 1 making 1 in which even the very principles of inouiry 
remain suspect(l3l). It is not only that it is the teacher 
who talks too much in the classroom hut also it is again he 
who also asks questions about 97 per cent of the time, ",s 
children move up in the respective higher prades, this 
very teacher behaviour results 1m their heceminp less 
empirical. In other words, they, instead of trusting their 
own concepts, begin to accept external authority in an 
unreflective manner(l32). The Illinois Studies in Inouiry 
draining Project under the guidance of J.Richard Sachman 
began in 1957 and identified over the years the following 
ideal conditions for developing inquiry skills among 




]_,p at"K7 childrens focus for attention*, freedom 

(external and internal); and responsive environment in the 
words of O.KtMoore, Elementary school children are exposed to 
discrepant events which by their very nature compel thpm to 
analyse, for example, the erratic behaviour of a bimetal blade 
on heating and cooling. Films were made in ouite a few school 
subjects like physics, biology and economics. They werp forced 
through these episodes containing discrepant events with the 
aid of yes-no Questions to seek their own explanations. Learn^ 
is thus enabled to direct and control his own learning, fluchim i 
regarded inouiry as a * Process of Discovery' comprising the 
following four phases: searching, data processing,discovery 
and verification with a view to investigate several causal 
relations. 'Jsing other outside variables including known, 
tests and scores on inauiry and subjecting tbe data to 
factor analysis, the followinr thrpe factors relevant 
to success in inouiry appeared: 

(a) Impulsivity factor: the capacity to leave beyond 
data to generate abstractions, ^em in on, 

(b) Cognitive Control: the ability to handle and manipulat 
data. 

(c) Autonomy. Hie second is related te this because 
for if you never leave the data, you will npver 
construct the data(l32). 
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Inquiry into science teaching is a never ending process 
until the dead ,nd arrives^ and it has to he shown so. hen 
Strasser has shifted the focus of inquiry on teachers rather 
than pupil behaviour, another interesting research question 

(132) • Uphorettn Fish, on the other hand, shifts the same on 
alternative methods of inquiry, thus, giving three different 
meanings to the term Inquiry(l32). Le Von Blazer makps out a 
strong case for developing inquiry skills as one of the most 
important outcomes of instruction in biology, Pe thus supports 
J.J.Schwab, Anderson and Robert Gagne' for it provides 
opportunities fnr scientific thjnking. lpain he quotes Gagne’ 
who sums up various writers on inouiry, 11 I judge them tq moan, 
that it is a set of activities characterized hy a problem 
solving approach of which each newly encountered phenomenon 
becomes a challenge for thinking” (132). John F.Voodhurn 

in Discover and Describe stresses the investigative nrrrnoch 
to science teaching hy presenting puzzling events or situations 
to children which intentionally 1 offend 1 their senses. 

Ihe observable cognitive conflicts provide a 1 realistic 

visible format easily communicable between student and teacher 1 

\ 

(133) . Using programmed materials, Robert M.Oltnn and his 
co-workers, tried to assess the extent t° which' specified 
productive thinking abilities, can be taught to elementary 
school children'. Being a comprehensive project, they raised 
the following additional ouestions i- 

Ca) ire some productive thinking skills more 
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a menable to instruotion than others'? 

(h)Can productive thinking skills he learned 
hy children of all I.o. levels '?. 

(c)How are productive thinking skills affected 

„tiy a classroom environment judged to facilitate 
creative expression 1 ? 

The main findinps indicated that use of programmed 
m terials" lod to an increase in the love] of productive 
thinking in this large and representative group of fifth 
grade students" (N = 704) at three levels of I included 
in the study. However, the extent of generality of training 
was limited, the main reason being the kind of problems ratnov 
than the kind of performance me^»res ^‘P>7 or ' j Secondiy,Pnih 
the experimental and control group? demonstroted on demand 
simple cognitive skills, traininr bring inessential, The 
latter, hoover, hardly use them in thoir day to day ^rk. 

The complex tasks, on the other hand, necessitate the use 
of advanced skills which were not yet avail’M* hut could 
he developed in training sessions. Specifically spacing, 
contrary to the findings of Covinston and Crutchfield(1965), 
there does occur a gradual increase auantitatii ely as 
practice trials training sessions increase. The ioIp of 
facilitating environment was also found ineffective at 
the end of the project because the 1 treatment was particularly 
effective with students in non-facilitating environments. 




-133- 

girls were found superior to boys on all types of problems, 
is research problems, they have suggested tn re-examine the same 
problems with which they started by determining the presence or 
absence of cognitive skills at various ape levels, finding skills 
amenable to practice in contrast to training or instruction 
and the quality as well as quantity of training sessions(l34). 

In another restricted study on' Hypotheses Formation 
can be Taught,” Mary £11 en fuinn, using twelve film lo^ps of 
12 minutes duration each, the schumanian way, shnwed that 

i 

both urban and suburban children produced statistically 
significant improvement in ability to hypothesize 1 . It is nf 
interest to mention that the training comprised better recog¬ 
nition nf the problem, distinction between empirical an^ non 
empirical based statement, observation of properties or V'ohavi 
-ours of objects in the lc* films, drawing of inferences, 
determination of empirical relations between observed and 
inferred variables and experiments for testinr hypo theses (i*vO. 
She thus confirmed the earlier finding of Richard C.'Person 
that training sessions did help even the first graders on 
transfer tasks. Ihese first graders constituting the one 
top thirds on the California Test of Mental Maturity, however, 
failed to show superior performance on the pandulum and thp 
chemical problems. Sex also did not play any significant role 
(136). Through variable teaching techniques, it is possible 
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tr teach facts and concepts of astronomy to two groups collage 
freshmen with' little effect on the students' understanding 
about science as measure! hy TGIS(i37). Maureen '..^etz 
a nd Kenneth D.George attempted to develop a reliable an! valid 
tool for measuring the problem solving skills of children 
in grades one, two and three t These were* recomition, 
understanding of scientific principles necessary fbr’the 
solution of the problem, collection of data and handling, 
if- then statements(l38). But the study fails to answer 
the basic question. For example, consider the following 
two studies as well. 

David P.F.utts and Howard L Jones in aru other earlier 
study on' Jnouiry Training and problem Solving Skill in 
Elementary School Children' developed an inouiry training 
programme as suggested by Suchman whose outcomes could be 
measured by an instrument especially developed for this 
purpose, namely, Tab Inventory of Fcience FrocesspsCTISP). 

1 child incuirinr into a problem shows tho following 
behaviours", searching, processing data, discovering, 
verifying and applying conc°pts to new situations. They 
intended to investigate the effects of training sessions on 
the problem solving behaviours of children as well as the 
role of outside variables liko intelligence, sex, chronological 
age and factual knowledge in changed problem solving 
behaviour consequent of the instruction. They also examined 
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whether inquiry training lei to meaningful concept . 
development, using sixth grade studentsC N-io6) and inquiry 
sessions extending over three weeks daily, the main finding 
indicated that when exposed to guidance, thore resulted 
enhanced problem solving behaviour. Secondly, changes in 
problem solving behaviour were insignificantly related with 
tested intelligence, chronological age, sex and factual 
scientific knowledge wh,pn compared with the control group, 
the ahnvc mentioned variables did not appear to play signi¬ 
ficant role while drawing benefit from inquiry training. 

I'h en tb p y r em a rke d aptl y: 

Much discussion has been given t" the relationship 
between meaningful concept development and inquiry, 
lhe results of this study do not support the assertion 
that meaningful concept development results from 
inquiry training. Children who wero successful 
problem solvers on USP were not able to apply th» 
concept to a different situation. whv 9 Is tbe 
application of a concept to a different situation 
an adequate criterion f^r mraningful concert 
development? Vi ere the situations’ ton different! 
for the child to see the relationship(l3Qf? 

At the samo time it is also necessarv to determine 
why a group of children fails to show changes in problem 
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solving behaviour and relate them to their personality make¬ 
up, Robert E»Yager and John W» Wick do support that certain 
phases of pupil outcomes are definitely the rpsult of varied 
intentional teaching strategies but, at the same time, they 
provide the following disturbing conclusion that there is no 
significant difference in the mastery of the major concepts 
and facts of hiologj (as measured by the Neslson niolopy 
Test) by the students among the three emphases used hy the 
teachers of the study(l40). In bis writines, J.S.Bruner 
has talked of discovery, structure, early readiness and 
intuitive thinking. He gives a clarion call for discovering 
imaginative modes of inouiry among children so that each child 
is 1 capable of going beyond the cultural ways'of his Social 
world, able to innovate, in however, modest a way, 
so that Hie can create an interior culture of his own 1 . 'Err 
whatever the art 1 , he says, 1 the science, the literature, the 
history, and geography of a culture, each man must ha his 
own artist, his own scientist, his own historian, his own 
navigator'(l4l), He is nearer to Plato as well as to Piaget 
for his learning by discovery is tied to their theoretical 
melange-' an environmentally dynamic version of contemporary 
developmental theory in conjunction with a twentieth uenturv 
f&rm of classical delationalism' ( Bee S.Shulmsn), P .W.Skinner, 
Robert M.G-itnr-' and David iusubel take the opposite 
view (l4l). Each of than takes a restficte* view of learning, 
at least, at the starting point. ^ bit later, it becomes 
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a case of learning hierarchiesi guided learning, and reception 
learning. While reviewing researches on discovery, Misuse] 
appears to state the following conclusion, a sort of education 
-al disaster! 

(a) That most of the articles most commonly cited 

j 

in the literature as reporting results supportive 
of discovery technioues actually report no 
research findings whatsoever, hut consist mainly 
of theoretical discussion, assertion and 

• conjecture; of descriptions, of existing 

programmes utilizing discovery mrthods, and of 
enthusiastic hut wholly subjective testimonials 
regarding the efficiency of discovery approaches. 

(b) That most of the reasonable well-controlled 
studies report negative findings. 

(c) That most studies reporting positive findings 
fail to control other significant variables 

or employ question able tecbnioUp of statistical 
analysis. Thus actual examination of the research 
literature allegedly supportive of learning > 
hy discovery reveals that valid evidence of 
this nature is virtually non-existent. It 
appears that various enthusiasts of the discovery 
have been supporting each other research ’■ n 
bv taking in each other's laundry, so to sppak, 
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thpt is, by citing.each other's opinions and 
assertions as evidence and by generalizing wiZUy 
from equivocal and even negative findinrs(142>. 

Instead , to’ provide ideational scaffolding’ ,he 
fives the concept of Organizers which in thair different forms 
try to close the pap between that the pupil knows and what he 
is expected to know before he can master the task at hand. F e 
thus restores the threatened status of the teacher in his 
scheme of learning(i42). Regarding accelerated learninr, it is 
of interest to refer to the founding of Project*. Head Start in 
U.tt.A. in 196*5* Qipelmann and Bereiter have reported startling 
successes with their slum children, for example, not only, they 
can speak complete sentences, solve simple arithmetical proKl pki& 
read words and learning their spellinp hut also have registered 
increase in their intelligence. There are negative reports as 
well, for example, they are most of the time* tense, frightenr‘ 
and respond automatically 1 (143). Barbara Fiber,here, remarks 
that the 1 method through its effects on attitude and therefore 
on motivation, becomes a secondary determinant of how far thp 
original learning goal will he realized’ C143). Here, neither 
scrambled textbooks nor the high sounding educational technology 
like the Computer ISsisted Instruction will he of use if used 
indiscriminately, for it may well kill curiosity, interest and 
individuality by 1 making all men alike and not necessarily alii; 
in nice ways’(i43), Piaget is here conservative when he Says: 
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We know that it takes nine to twelve months before ; 
babies develop the notion that an object is still 
there even when a screen is placed in front of it. , 
Now kittens go through the same stages as children, 
all the same stages, but they do it4n three months'- 1 
so they are six months a-hpad of babips. Is this 
an advantage or is not it? We can certainly see 
our answer in one sense. The kitten is not going 
to go much further. Thp child has tak^n longer, 
but he is capable of going further, sn it se«ms to 
be that the nine months probably were not for 
rathing. 

It is probably possible to accelerate, but,maximal 
acceleration is not desirable. There seems to be 
an optimal time. What this optimal time i's will 
surely depend upon each individual and on the 
subject matter. We still need a great deal of 
research to know what the optimal time would be(144) 

It is a million dollar jnerlcan Question, empirical 
experimental in nature whose research answer will illuminate 
Piaget’s invariant clockwork of the order over the years. 
According to Lee S.Shulman, we have not yet exhausted fully 
the various creative approaches leading to the solution 
of this problem of cognitive acceleration for we have at the 
moment ’access only to opinions and personal prejudices '(Hi). 
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It is of passing interest to refer to the stilly on the 
development of algebraic concepts among pupils studying at the 
junior secondary stage in relation to outside variables like 
levels of intelligence, sex and prades byJ.N.Josbi. Fe 
standardized an algebraic concept test in Hindi cnntaininp 
seven catepories like generalized numbers, directed number, 
eouations, parentheses, substitutions, exponents and graphs. 

His findinps indicated that all the broad catepories except 
the one on directed number developed from prade to erode. 

Secondly superior intelligence is necessary for the formation 
of algebraic concepts. Thirdly, boys have a 'tendency to excel 
pirls in the understanding of algebraic concppts(l4!d). In 
another eaually interesting and novel study nn taalvsing test 
Eesponsos with symbolic Logic, Gary R.Smith attempted to assess 
pupils' success in understanding certain concents of light 
with the help of multiple choice test items. He ma^e detailed 
as well as distinct element-analysis of nuestion and answer 
for testing pupil understanding on both. \ fortran programme 
was written which would indicate the network of correct and 
incorrect responses. Twenty deductions wore derived from 
five propositions* This approach has limited utility for diffi¬ 
culties ley in arbitrary allotment of symbols, the very 
iesipnstion of the class, confusion hetveen sjmhollc Transition 
sM uniijue statement of item proposition an* omnibus nature 
of the testC146). 
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3 . Overall Evaluation and 
The Scope of the Problem 

ifter having surveyed the field of human thinking with 
special reference to reasoning, concept formation, problem 
solving and school science education, it is now necessary to 
have another close look at thp survey with a view to pose the 
present problem end state its scope. Science in its forward 
march does not pose- impossible problems. Psycholory, in our 
times, also claims scientific status. Therefore, like science, 
it must also pose its problems in their solvable forms for 
generating new objective knowledge. It is easier said than 
tone for several variables intervene an*, make in turn, the 
investigation of psychological problem becomes verv difficult 
as is shown by the survey. Still, the findinrs of the various 
general as well as specific studies undertakes in different 
contexts not only within a given paradigm but als" across 
the various ones, when consolidated, indicate: 

(a) Thinking is multi-faceted in character. Its investi¬ 
gation, particularly speakinr, of higher ccmitive processes 
is considered to be a complex task. In our times, it ought 
to be the main job of the second psychological revolution to 
tackle successfully the various attendant problems, however, 
small they may be(l47). The present survey reports several 
such studies against several theoretical standpoints undertake 
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with this objective in mind which attempt to make this eomplex 
problem a bit more transluscent. 

(b) facilitate this, thinking need no longer remain a 

1 ghost 1 like activity, is a first step, it is essential tn 
short-circuit several definitional complexities if any worth¬ 
while progress is to be made at all. To illustrate, even a 
restricted field like problem solving has been investirated in 
the past under different heads. To surmount this problem, 
thinkinr in this study is regarded as a skill. Secondly, 
problem is defined as a task oriented situation having a clear 
< ut solution with a view to facilitate the study of thinking 
processes. 

Cc) The survey clc-arly shows that it is theoretically 

\ 

possible to investigate any cognitive problem relating to any 
one of the following paradigms* S-R theories, Gagn’e's view¬ 
point, phenomenological theory, factor analytic approach, 
information processing, accelerated leprnine, Gestalt psycho¬ 
logy and the Geneva school. It is not implied at all that one 
frame of reference is superior to another for, after all, it 
is finally a matter of individual choice in which attempt 
is made to catch the fish rather than seek specialisation in 
the art of angling. This choice, again, is dependent upon 
the aims and ohject-ivrsjaf investigation, the nature of the 
very investigation, extent of controlled experimentation 
actually available and the physical facilities for carrying 
it out. , 
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lhe Present study draws its inspiration from Gestalt 
psycholory, Geneva School nnd the factor analytic poo roach. 

Secondly, it poes a hit ahead, for in comparison to other 
workers in the field, it uses several problems havinp scientific 
flavour hut, at the same time, each inhering a continuous 
chain of reasoninp. Ihirdly, the varied proMem solving processes 
evoked durinp prohle-mi solving, larpely speaking, possess clear 
cut solutions which, in turn, can he reclassifed oh reproupad 
with definite advance hypothpses in mind. In Summary, a promis¬ 
ing line of inquiry of this nature is just perceptible in the 
area of thinking or problem snlvinp. The present problem not 
yet tackled, is one amonp many, available in this area. 

(d) To pinpoint, the present study investipates certain 

aspects of thinkinp throuph the medi'jn of problem solvinp 

among science students of adolescent ape who were matched on 

two variables, namely, intelligence as well as socio-economics 

status, hhpn seen by exclusion, thp following problems, of 

course, important receive ntile attention in this study: 

(i) Problems relatinp to creativity variables. 

(iii Role of situational variables 
(iii) Concept: formation as well as attainment, 

(iv\ Predictive studies. 

(v) Acceleration studies 

(e) In continuation, these problems can't be ipnored for a 
lonp time. The survey clearly makes out a case f^r investigating 
some of these general problems urpently. A few examples of such 
problems havinp s ,me sort of association with our study are cited> 




- 144 - 


helow*- 

(i) what age do children begin to manifest formal 
reasoning? Vihat factors favour its early emergence 9 
'It what ape do the adolescent pupils develop firm 
urge for experimental verification? 

(ii) What variables determine vast individual differences 
in thinking? It is Suspected that these variables 
ares intelligence, individual abilities,personality- 
traits, task characteristics and varied instructional 
methodology* 

(iii) Do sex differences exist in thinking at various ape 
levels? If so, why? '.re they genetically determined 9 

(lv) What exactly is the relationship between concept 
formation and its application? 

(v) Why children fail to verbalize their concepts when 
they had, in fact, understood them? Is a correct 
test response given over a wide I.&. range not only 
within individual grades but also across the various 
grades? Up to what extent can a given concept be 
down graded? Finally? do laws for down-grading 
concepts exist? 

(vi) What is the role of hints and cues in the teaching 
learning process? Under what conditions do they 
really become effective? 
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(ni) 


(viii) 


(ix) 


(x) 


Does thinking develop in stapes? Do all the children 
po through the same stages? Particularly speaking, 
the thinking processes develop uni dimension ally 9 
How to test this grand hypothesis? 
khat kinds of thinking processes ices thp training 
under experimental conditions generate? irp they 
really chips of the same block nr different Mocks 9 
Under what specific conditions does learning take 
place maximally? alternatively, under what conditions 
do the acquired concepts really become disposable 
or acquire 1 measures of generality'? 

Lastly, what is the relationship between intelligence 
and the varied Piag^tian concepts? 


It is s long shopping list in which problems overlap. 
The present study, while investigating thinking, takes into 
account intelligence, grades, adjustment and the immediate 
test reactions to the problems on presentation. 


4,Concluding Statement 

\ major shift in thinking is apparent. It converges 
on specificity in the formulation and reformulation of problems 
more and more productively in the phraseology of Dps talt 
psychology. This point of view or approach to the problem 
facilities studying experimentally the varied processes of 
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thinking 1 which lead to the development of understanding, 
penalization, discrimination, concept development and 
attainment. This initial spin off pain is not easily seized 
because, as already mentioned, it is easier Said than done. 
Remain reason appears to he that the researchers, on the 
one hand, and the practitioners, on the other hand, both 
placed in different settinps, do not necessarily ask the sam® 
ouestinn. These split Questions are hound tr< appear in the 
business of any science, psycholopy heinp no exception. It 
is then not a case of despair, for the solution to the problem 
then lies in considerinp the two problems separately as is 
frequently done in the case of certain anomalies in science. 
However, when answers to the split questions are mastered 
successfully, one after another, the whole field over the 
years becomes quite euqxLosive. The area nf creativity is a 

Pnse in point. Thus are answered the most fundamental 

« 

questions in science. The basic problem here is t n relate the 
most powerful concepts of science to the intellectual 
development of children. The psychological structure of any 
school subject depends upon the answer to this basic prnMpm. 
The present study is an attempt in that direction. 

lastly, whereas the whole area is full or pmhiams, 
the latter now lie more in the zoo rather than in the junple. 
Thanks to the recent research efforts of i iusuhel, Bartlett 
Bruner, Tlavell, Gagne, Guilford, Hans Furth, Humphrey, 

Inhalder, Lovell, Lunzer, Teel, Piaget, Schwab, Skinner, 
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Sachnia^ 1 ? V er non and Wallace, a few among many notpd workers in 

the field, it has become? possible to pose specific problems in 

this area which was, however, not the case over twenty five 

years ago. This survey succinctly tells that psychological 

concepts do not, develop in a vacuum for children live in 

environments*, physical, mental and social. Thoy learn formally, 

informally; and eaually possess personal knnwlndpe about men and 

matters. How is then their thinkinp generalized at'-various ape 

levels in apparently different psycholorical constructs’ is 

a very basic question yet in search of satisfactory answer. Like 

the proverbial five blind men, the vhnle elephant has to 
ed 

recon struct/bit by bit again and ggain. Our miserable 
failure on this front has deprived us of any worth-while 
psycholopical structure fer any one of the school subjects, at 
least, in this country(l48). Several specific studies are 
needed whose answers over the years are heund to illumine tbe 
very basie of the likely emerpinp productive frame of reference. 
The solutions to these problems may not be very far off, yet 
they also, at the same time, equally lie currently beyond tbe 
nose. To conclude on an optimistic note, efforts in this 
enterprise are going to be more successful than in the past. 

At the same time, it is also equally stressed that the whole 
field of human thinking which is a s vast as humanity itself 
throws up auite a few fundamental problems which are yet to be 
investigated even partially before we can fully understand the 
basltf assumptions underlying human thought processes. A nd the 
latter, in turn, are also open to continual scrutiny. 
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